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(57) ABSTRACT 

A method of managing insulin includes receiving blood 
glucose measurements on a computing device from a glu 
cometer. The blood glucose measurements are separated by 
a time interval. The method includes determining, using the 
computing device, an insulin dose rate based on the blood 
glucose measurements and determining a blood glucose 
drop rate based on the blood glucose measurements and the 
time interval. The method also includes determining a blood 
glucose percentage drop based on the blood glucose mea 
Surements. The method includes decreasing the time interval 
between blood glucose measurements by the glucometer 
when the blood glucose drop rate is greater than a threshold 
drop rate, and decreasing the time interval between blood 
glucose measurements by the glucometer when the blood 
glucose percentage drop is greater than a threshold percent 
age drop. 
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New Patient information 

- - - - - - - - - - - - - - - - - 

Name: John Doe 

Height: 5' 8" 
Weight: 210 

Date of Birth: 4/10, 1938 

Diabetes History 
Age. 

Other: 

FIG. 2B 
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New Patient information 

Adkins, Frankie 704563 208a 

Anderson. Mike 705648 

Anton, Mike 71.2546 116,146 
209 

Briggs, George 7O2589 

Brown, Dan 701 112 

Brown, Paul 7098.95 

Burchfield, John 72544 

FG. 2C 
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204a 

initial IV Dosing information 

initial Multiplier: 

Target Range: 
LOW Limit: 
High Limit: 

V Meal Bols 
enable disable 

Standard Hospital meal: 60 gms of carbohydrate 

FG. 2D 
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Current Patient (intravenous) 
T Name Johnsoe TTT T.Room: 302 (ER).TT 

Date of Birth 4/10, 1938 

Last BG: 152ngld (Jones, Sue) 
23O Last insulin Rate: 5.4 units/hr NextBG Du 
230a Nu-Target Range: 90-120 mg/d NeX 

Next BG Due: 721/2013 at 15:16 430 
- - - - - - - - - - - - - - 

432 

Alarm Off 434 
- - - - - - 

116,146 

aaaa- aaaa aaaa aaaa aaaa aaaa aaaa aaaa aaaa aaaa aaaa aaa areaRoom. 302 (ER) 208a 

as aDate of Birth: 410/1938 

Insulin Type: Nowolog area N xt BG Due 
in- Last BG 151 mg/dl (Jones, Sue) ex e 43O 

BG Type: Dinner 
Basal Dose: 15 units (1 dose per day) 
Next Meal Dose: 5 units 
elsea salaa Aalaa alear sealer salar sea sala aaa aaa alea aaa aaa aaa aaa. 

434 
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Current Patient 
ROOm: 302 (ER 

Date of Birth: 4f 10, 1938 

f 

Enter BG Walue. 

230, X : 1N Re-Enter BG Walue 
23OC 

is this a pre-meat BG? 

MealPlan-Number of CarbS Per Meal. 

Caution: Physician Order required 

Room: 302 (ER) 
Date Of Birth: 4f Of 938 

230, 2 
230C s Enter BG 

UnitS/hr 
Start Meal 

Target Range nSulin 
Concentration 

90-120 90120 
mg/d mg/d 

FIG. 4E 

  



US 9,604,002 B2 Sheet 11 of 20 Mar. 28, 2017 U.S. Patent 

±Ismogeen 1 

  

  

  

  

  



US 9,604,002 B2 Sheet 12 of 20 Mar. 28, 2017 U.S. Patent 

899 
89 ON 

9,9 

999 

ON 

S3), 

ON ON 

  

  

  

  

  

  

  

    

  

  

    

  



U.S. Patent Mar. 28, 2017. Sheet 13 of 20 US 9,604,002 B2 

ROOm: 302 (ER 
Date of Birth: 4f Of 1938 

r 

Enter BG Wale: 

2 30- Re-Enter BG Value 
230c 

Meat Plan-Number of 
Carbs Per Meal: 

t 

Caution. Physician order required 

116,146 

Room: 302 (ER) 2O8a 
Date Of Birth: 41. Of 1938 

430 

230, 1.2 
23OC s Enter BG 436 

Units/hr 
438 

Target Range insulin 
ConCentration 

Meal 440 
Bolus 

Activated 90-120 90-120 
mg/d mg/d 

FIG. 5D 
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Enter Blood Glucose Value 116,146 
Room: 302 (ER) 208a 

Date of Birth: 411 Of 1938 

Did the Patient Eat? 

O Yes O NO 

Cancel Continue 

F.G. 5E 

Enter Blood Glucose Value 116,146 

Room: 302 (ER) 208a 
Date of Birth: 411 Of 1938 

Did the Patient Eat? 

OYes O No 
HOW much did the Patient eat? 

O 25% of Meal O 50% of Meal 
O 75% of Meal O 100% of Meal 

FIG. 5F 

O Actual Number of Carbs: 
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From 
IV insulin 
Program 
(Fig 2) 

ls 
BG Within BGstr? 
(BG - BG < 

BGHigh) 
Yes 

61 O 

Block Transition 
to SbO 

s 
(BGTL - BG < 

BGTRH) for Time a 
Tstable? 

614 

Post Warning 
that patient has Not been in 
larget for the required time. 

Ask What to do. 

Record Transition 
Multiplier. 

Use stability data to 
calculate TOD 

Continue 
to SubO 

ReCommended SubGR 
doses: 

Each Basal dose 
Each MealBolus 

GE) 624 

Record Transition Multiplier. 
Use Non-stability methods to 

Calculate TDD 

Return to 
WinSu in 
Program 
(Fig 2) 

F.G. 6A 
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Display brief explanation of Transition 
process including: 
Remaining time until mandatory 
discontinuation of GM V 

622 

Display Basal Dose 
in interactive Basal administration 
pOpup. 

F 
Hrs Since First Basal 2 
TranSition Run Time? 

Display full SubQ 
regimen. 

O Create Copy for printing? 
Saving 

Continue to display sign 
"Transition to SubO in 
Progress" 

Add patient into 
Sub CR 
Current 

Patients is 

Continue IV Program's 
BG testing routine. 

634 

Discontinue V 
insulin program 

F.G. 6B 
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Start SUBO Patients 116,146 

Room: 302 (ER) 208a 
Date Of Birth: 411 Of 1938 

Transition Patient to SubC 

Warning: 
The A1C value of this patient is less than 6. Normally a patient 
with an A1C of less than 6 does not need to be transitioned to 
SubQ insulin therapy. 

Are you sure you want to continue? 

Cance Yes 

Caution: Physician order required 

F.G. 6C 

Room: 302 (ER) 
Date of Birth: 4 Of 938 

After SubO Transition: 

O Continue patient on Glucommander SubG 

O Discontinue patient from Glucommander 

Caution: Physician order required 

FIG. 6D 
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Start SUBO Patients 116,146 

After SubC) ransition: 
O Continue patient on Glucommander SubQ 
O Discontinue patient on Glucommander SubG 
OrderSet 
Type: 

Diabetes: Yes v Basal insulin Lantus v 
Basal % of Daily Basal TO: E. 1 Dose Per Dayv 
Bolus of t % O 50% v. Basal Time: 00:00 v 

Bolus insulin: Novolog v 
Caution. Physician order required 

Basa/Bolus + Correction v 

116,146 

Room: 302 (ER) 208a 
Date of Birth: 4f Of 1938 

Transition Patient to SubG 

Inject Patient With: Give Now O 
5 Units of Lantus 

Modify Dose Give Later O 

WARNING: 
Do not DfC insulin. System will prompt for hourly O 
blood glucose checks. 

Caution. Physician order required 

FIG. 6F 
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ROOm: 302 (ER 
Date Of Birth 4/10, 1938 

Transition Patient to SubCR 

Discontinue IV insulin 

WARNING: O 
Patient is stable. Discontinue IV insulin to prevent 
hypoglycemia. 

Note: Make sure potassium (K) is greater than 4.0. 

Caution: Physician order required 

FIG. 6G 
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Receiving Blood Glucose Measurements On A Computing Device From 
A Giucometer, The Blood Glucose Measurements Separated By A Time 702 

interva 

Determining, Using The Computing Device, An Intravenous insulin Dose 
Rate Based On The Blood Giucose Measurements 

704 

Determining, Using The Computing Device, A Blood Glucose 
Percentage Drop Based On The Blood Glucose Measurements 7O6 

Determining, Using The Computing Device, A Blood Glucose Drop Rate 
Based On The Blood Glucose Measurements And 707 

The Time Interval 

Decreasing The Time interval Between Blood Glucose Measurements 
By The Giucometer When The Blood Glucose Percentage Drop is 708 

Greater Than A Threshold Percentage Drop 

Decreasing The Time interval Between Blood Glucose Measurements 
When The Blood Glucose Drop Rate is Greater Than A Threshold Drop 710 

Rate 

FG. 7 
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NSULIN MANAGEMENT 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This U.S. patent application is a divisional of, and claims 
priority under 35 U.S.C. S 121 from, U.S. patent application 
Ser. No. 14/511,060, filed on Oct. 9, 2014, which claims 
priority under 35 U.S.C. S 119(e) to U.S. Provisional Appli 
cation 61/934,300, filed on Jan. 31, 2014. The disclosures of 
these prior applications are considered part of the disclosure 
of this application and are hereby incorporated by reference 
in their entireties. 

TECHNICAL FIELD 

This disclosure relates to a system for managing insulin 
administration or insulin dosing. 

BACKGROUND 

Today, nearly 40% of patients admitted to acute care 
hospitals in the United States experience either hyperglyce 
mia or hypoglycemia, both serious medical conditions. 
Many of these patients have diabetes while others have 
fluctuating blood Sugars due to trauma, drug reactions, stress 
and other factors. Nurses and doctors managing these 
patients manually calculate insulin doses using complex 
paper protocols. 

Manual calculation may not be accurate due to human 
error, which can lead to patient safety issues. Different 
institutions use multiple and sometimes conflicting proto 
cols to manually calculate an insulin dosage. Moreover, the 
protocols may include extra paperwork that nurses and 
physicians have to manage, which in turn leads to workflow 
inefficiencies, additional operating costs, and employee sat 
isfaction issues. SCIP (Surgical Care Improvement Project) 
scores, length of stay, readmission and even mortality rates 
adversely affect Sub-optimal glycemic management. 
The prevalent method of regulating continuous intrave 

nous insulin infusion is by using a set of written instructions, 
known as a paper protocol. Paper protocols often involve a 
tree of conditional statements and some use of tables of 
numbers, for which a given blood glucose value dictates the 
use of a different column of insulin rates. The complexity of 
these paper protocols multiplies the probability of error by 
the nurses using them. These errors can lead to hypoglyce 
mic events. 

SUMMARY 

One aspect of the disclosure provides a method of man 
aging insulin. The method includes receiving blood glucose 
measurements on a computing device from a glucometer. 
The blood glucose measurements are separated by a time 
interval. For each time interval, the method includes deter 
mining, using the computing device, an intravenous insulin 
infusion rate based on the blood glucose measurements of 
the time interval. The method further includes determining, 
using the computing device, a blood glucose percentage 
drop based on the blood glucose measurements (e.g., 
between a current blood glucose measurement and a previ 
ous blood glucose measurement). The method further 
includes determining, using the computing device, a blood 
glucose drop rate based on the blood glucose measurements 
and the time interval. The method also includes decreasing 
the time interval between blood glucose measurements by 
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2 
the glucometer when the blood glucose percentage drop is 
greater than a threshold percentage drop and decreasing the 
time interval between blood glucose measurements by the 
glucometer when the blood glucose drop rate is greater than 
a threshold drop rate. The method further includes sending 
the intravenous insulin infusion rate from the computing 
device to an insulin administration device. 

Implementations of the disclosure may include one or 
more of the following optional features. In some implemen 
tations, the method includes setting the time interval 
between the blood glucose measurements by the glucometer 
to a default time interval or a minimum of a preconfigured 
hypoglycemia time interval when a current blood glucose 
measurement is less than a threshold hypoglycemia blood 
glucose value. The method includes setting the time interval 
to a minimum of a preconfigured short time interval when 
the current blood glucose measurement is greater than the 
threshold hypoglycemia blood glucose value and less than a 
lower limit of a blood glucose target range and the blood 
glucose percentage drop is greater than a low blood glucose 
percentage drop limit or the current blood glucose measure 
ment is greater than or equal to the lower limit of the blood 
glucose target range and the blood glucose percentage drop 
is greater than a regular blood glucose percentage drop limit. 
In some examples, the method includes setting the time 
interval to a minimum of a preconfigured blood glucose drop 
rate time interval when the blood glucose drop rate is greater 
than a blood glucose drop rate limit, a preconfigured long 
time interval when the blood glucose measurements have 
been within the blood glucose target range for a duration of 
time greater than a stable time period or a preconfigured 
meal bolus time interval when a meal bolus program is in 
operation. The preconfigured hypoglycemia time interval is 
less than the short time interval, the short time interval is less 
than the blood glucose drop rate time interval, the blood 
glucose drop rate time interval is less than the long time 
interval, and the meal bolus time interval is less than the long 
time interval. 

In some examples, the method includes leaving the mul 
tiplier unchanged between time intervals when the current 
blood glucose measurement is greater than an upper limit of 
a blood glucose target range and a ratio of the current blood 
glucose measurement divided by a previous blood glucose 
measurement is less than or equal to a threshold ratio. The 
method further includes multiplying the multiplier by a 
change factor when the current blood glucose measurement 
divided by the previous blood glucose measurement is 
greater than the threshold ratio. Additionally or alternatively, 
the method may include the constant being equal to 60 mg/dl 
and the threshold ratio being equal to 0.85. The method may 
further include dividing the multiplier by the change factor 
when the current blood glucose measurement is less than a 
lower limit of the blood glucose target range. 
The method may further include, in response to receiving 

an indication of patient solid food consumption, increasing 
the intravenous insulin infusion rate and maintaining the 
multiplier unchanged for at least two time intervals. In some 
examples, the method includes receiving, at the computing 
device, a number of estimated grams of carbohydrates for a 
meal and determining, using the computing device, an 
estimated meal bolus in units of insulin based on the number 
of estimated grams of carbohydrates and a carbohydrate 
insulin-ratio. The method may further include determining, 
using the computing device, an estimated meal bolus insulin 
rate, based on the estimated meal bolus, an available deliv 
ery time, and a configurable constant, and determining, 
using the computing device, a total insulin rate as a Sum of 



US 9,604,002 B2 
3 

the intravenous insulin rate and the estimated meal bolus 
insulin rate. The method may further include sending the 
total insulin rate from the computing device to the insulin 
administration device. Additionally or alternatively, the 
method may include dividing a total meal time into meal 
time Sub-intervals, a first meal time Sub-interval starting 
with a pre-meal blood glucose measurement before receiv 
ing the indication of patient Solid food consumption, and 
determining, using the computing device, the total insulin 
rate for each meal time Sub-interval in Succession. 

In some examples, the method includes receiving, at the 
computing device, a number of actual grams of carbohy 
drates for the meal during a Subsequent time interval after 
the first time interval and determining, using the computing 
device, an actual meal bolus based on the number of actual 
grams of carbohydrates. The method also includes, deter 
mining an estimated delivered meal bolus by multiplying the 
estimated meal bolus rate times an elapsed delivery time. 
The method may further include determining a remaining 
meal bolus in units of insulin, using the computing device, 
by subtracting a product of the estimated delivered meal 
bolus insulin rate and an actual delivery time from the actual 
meal bolus. In addition, the method may include determin 
ing, using the computing device, a revised meal bolus 
insulin rate as the remaining meal bolus divided by a time 
remaining in the total meal time and determining, using the 
computing device, a revised total insulin rate as a Sum of the 
intravenous insulin rate and the revised meal bolus insulin 
rate. Further, the method may include sending the revised 
total insulin rate from the computing device to the insulin 
administration device. The method may also include 
decreasing the time interval to less than the default time 
interval for the one or more meal time sub-intervals. 

In some implementations, the method includes electroni 
cally displaying on a display in communication with the 
computing device a warning and blocking transition to a 
Subcutaneous administration of insulin when the current 
blood glucose measurement is outside a stability target range 
and electronically displaying on the display a warning when 
the current blood glucose measurement is within the stability 
target range for less than a threshold stability period of time. 
The method may further include determining, using the 
computing device, a total daily dose of insulin based on the 
multiplier when the current blood glucose measurement is 
within a stability target range for a threshold period of time. 
The method further includes determining, using the com 
puting device, recommended insulin dose comprising a daily 
basal insulin and a daily meal insulin for Subcutaneous 
therapy as an apportioning of the total daily dose of insulin, 
wherein the daily basal insulin is half of the total daily dose 
of insulin and the daily meal insulin is half of the total daily 
dose of insulin. Further, the method includes sending the 
recommended insulin does from the computing device to a 
Subcutaneous injection device or electronically displaying 
the recommended insulin doses on a display in communi 
cation with the computing device. 

In some examples, when the blood glucose drops more 
than a threshold percent of its previous value, the method 
includes decreasing the time interval. This threshold percent 
is configured with two values: 1) a lower (more sensitive) 
value when the blood glucose is below the low limit of the 
target range but above the hypo-threshold; and 2) a higher 
(less stringent) value when the blood glucose is above the 
low limit of the target range. The method may include 
setting the time interval to a hypoglycemia time interval of 
between about 15 minutes and about 30 minutes when the 
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4 
current blood glucose measurement is below the hypo 
threshold blood glucose level. 

Implementations of the disclosure may include one or 
more of the following features. In some implementations, 
the method determining the insulin dose rate using the 
current blood glucose measurement, a constant (e.g., 60 
mg/dl), and a unit-less multiplier. 
The method includes adjusting the multiplier as follows: 

a) multiplying the multiplier by a change factor when the 
current blood glucose measurement is greater than an upper 
limit of the blood glucose target range, and the ratio of the 
current blood glucose to the previous blood glucose is 
greater than a threshold-ratio; b) dividing the multiplier by 
a change factor when the current blood glucose measure 
ment is less than a lower limit of the blood glucose target 
range; c) re-use the previous multiplier for two or more 
intervals starting at the manual initiation of a meal bolus 
infusion process; and d) leaving the multiplier unchanged 
between time intervals when none of conditions a, b, or care 
applicable. 
The method includes leaving the multiplier unchanged 

between time intervals when the current blood glucose 
measurement is greater than an upper limit of the blood 
glucose target range and the blood glucose drop rate is 
greater than or equal to a threshold rate of descent, and 
multiplying the multiplier by a change factor when the 
current blood glucose measurement is greater than an upper 
limit of the blood glucose target range and the blood glucose 
drop rate is less than the threshold rate of descent. Addi 
tionally or alternatively, the method includes dividing the 
multiplier by a change factor when the current blood glucose 
measurement is less than a lower limit of a blood glucose 
target range and leaving the multiplier unchanged between 
time intervals when the current blood glucose measurement 
is within the blood glucose target range. In some examples, 
the method includes leaving the multiplier unchanged for at 
least two subsequent time intervals when the current blood 
glucose measurement is a pre-meal measurement. 

In some examples, a meal bolus infusion process allows 
for the calculation of mealtime insulin for patients consum 
ing oral carbohydrates. These examples may include leaving 
the multiplier unchanged for at least two Subsequent time 
intervals when the current blood glucose measurement is a 
pre-meal measurement. In some examples, the method 
includes receiving, on the computing device, a number of 
carbohydrates for a meal and determining, using the com 
puting device, a meal bolus rate based on the number of 
carbohydrates and an intravenous insulin rate based on the 
blood glucose level. In addition, the method includes deter 
mining a Total Insulin Rate including the Sum of the meal 
bolus rate and the intravenous insulin rate based on a blood 
glucose value. The method may further include setting the 
time interval to about 30 minutes immediately following the 
pre-meal blood glucose and for the next glucose measure 
ment time interval. If the blood glucose measurement is a 
second consecutive measurement after an initial pre-meal 
blood glucose measurement, the method includes setting the 
time interval to about 60 minutes. 

In some implementations, the method includes decreasing 
the time interval when the current blood glucose measure 
ment is greater than or equal to the lower limit of the blood 
glucose target range and the blood glucose drop rate exceeds 
a threshold drop rate. The method may also include setting 
the time interval to a default value of about one hour when 
the current blood glucose measurement is greater than or 
equal to the lower limit of the blood glucose target range and 
the blood glucose drop rate is less than or equal to a 
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threshold drop rate. The method may include setting the time 
interval to a hypoglycemia time interval of between about 15 
minutes and about 30 minutes, when the current blood 
glucose measurement is below the lower limit of the blood 
glucose target range and greater than a hypo-threshold blood 
glucose level. 

In some implementations, the method includes decreasing 
the time interval when the current blood glucose measure 
ment is below the lower limit of the blood glucose target 
range and below the hypo-threshold blood glucose level, and 
the blood glucose drop rate is less than or equal to a 
threshold drop rate. The method may also include setting the 
time interval to a default value of about one hour when the 
current blood glucose measurement is below the lower limit 
of the blood glucose target range and below the hypo 
threshold blood glucose level, and the blood glucose drop 
rate is greater than the threshold drop rate. 

In some examples, the method includes receiving, on the 
computing device, a number of carbohydrates per meal and 
determining, using the computing device, an intravenous 
insulin rate. In addition, the method includes determining, 
using the computing device, a meal bolus rate based on the 
number of carbohydrates and the insulin dose rate based on 
the intravenous insulin rate and the estimated meal bolus 
rate. The method may further include setting the time 
interval to about 30 minutes. If the blood glucose measure 
ment is a second consecutive measurement after an initial 
pre-meal blood glucose measurement, the method includes 
setting the time interval to about 60 minutes. 

In some implementations, the method includes a function 
to transition the insulin delivery method from an intravenous 
to subcutaneous basal-bolus regimen. The transition method 
provides doses and parameters for starting the patient on 
basal-bolus subcutaneous treatment. The transition method 
includes electronically displaying on a display a warning 
and blocking transition to a subcutaneous administration of 
insulin when the current blood glucose measurement is 
outside a stability target range. In addition, the method 
includes electronically displaying on the display a warning 
when the current blood glucose measurement is within the 
stability target range for less than a threshold stability period 
of time. In some examples, the method includes determining 
a total daily dose of insulin based on the multiplier when the 
current blood glucose measurement is within a stability 
target range for a threshold stability period of time. 

Another aspect of the disclosure includes a system for 
managing insulin. The system includes a glucometer mea 
Suring blood glucose measurements separated by a time 
interval, an insulin administration device, and a dosing 
controller in communication with the glucometer and the 
insulin administration device. The dosing controller includes 
a computing device and non-transitory memory in commu 
nication with the computing device. The non-transitory 
memory stores instructions that when executed by the com 
puting device cause the computing device to perform opera 
tions. The operations include receiving blood glucose mea 
Surements on a computing device from a glucometer, the 
blood glucose measurements separated by a time interval. 
For each time interval, the system includes determining, 
using the computing device, an intravenous insulin infusion 
rate based on the blood glucose measurements of the time 
interval and determining, using the computing device, a 
blood glucose percentage drop based on the blood glucose 
measurements (e.g., between a current blood glucose mea 
Surement and a previous blood glucose measurement). The 
system further includes determining, using the computing 
device, a blood glucose drop rate based on the blood glucose 
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6 
measurements and the time interval and decreasing the time 
interval between blood glucose measurements by the glu 
cometer when the blood glucose percentage drop is greater 
than a threshold percentage drop. The system further 
includes decreasing the time interval between blood glucose 
measurements by the glucometer when the blood glucose 
drop rate is greater than a threshold drop rate and sending the 
intravenous insulin infusion rate from the computing device 
to the insulin administration device. 

In some implementations, the system operations further 
include setting the time interval between the blood glucose 
measurements by the glucometer to a default time interval or 
a minimum of a preconfigured hypoglycemia time interval 
when a current blood glucose measurement is less than a 
threshold hypoglycemia blood glucose value or a precon 
figured short time interval. The minimum of a preconfigured 
short time interval is set when the current blood glucose 
measurement is greater than the threshold hypoglycemia 
blood glucose value and less than a lower limit of a blood 
glucose target range and the blood glucose percentage drop 
is greater than a low blood glucose percentage drop limit or 
the current blood glucose measurement is greater than or 
equal to the lower limit of the blood glucose target range and 
the blood glucose percentage drop is greater than a regular 
blood glucose percentage drop limit. Further, the operations 
include setting the time interval between the blood glucose 
measurements by the glucometer to a minimum of a pre 
configured blood glucose drop rate time interval when the 
blood glucose drop rate is greater than a blood glucose drop 
rate limit or a preconfigured long time interval when the 
blood glucose measurements have been within the blood 
glucose target range for a duration of time greater than a 
stable time period, or a preconfigured meal bolus time 
interval when a meal bolus program is in operation. The 
preconfigured hypoglycemia time interval is less than the 
short time interval, the short time interval is less than the 
blood glucose drop rate time interval, the blood glucose drop 
rate time interval is less than the long time interval, and the 
meal bolus time interval is less than the long time interval. 

In some examples, the operations further include leaving 
the multiplier unchanged between time intervals when the 
current blood glucose measurement is greater than an upper 
limit of a blood glucose target range and a ratio of the current 
blood glucose measurement divided by a previous blood 
glucose measurement is less than or equal to a threshold 
ratio. The system further includes multiplying the multiplier 
by a change factor when the current blood glucose measure 
ment is greater than the upper limit of the blood glucose 
target range and the ratio of the current blood glucose 
measurement divided by the previous blood glucose mea 
Surement is greater than the threshold ratio. In some 
examples, the constant equals 60 mg/dl and the threshold 
ratio is 0.85. Additionally or alternatively, the operations 
may further include dividing the multiplier by the change 
factor when the current blood glucose measurement is less 
than a lower limit of the blood glucose target range. In some 
implementations, the operations further include, in response 
to receiving an indication of patient solid food consumption, 
increasing the intravenous insulin infusion rate and main 
taining the multiplier unchanged for at least two time 
intervals. 
The system may further include receiving, at the comput 

ing device, a number of estimated grams of carbohydrates 
for a meal, determining, using the computing device, an 
estimated meal bolus in units of insulin based on the number 
of estimated grams of carbohydrates and a carbohydrate 
insulin-ratio and determining, using the computing device, 
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an estimated meal bolus insulin rate, based on the estimated 
meal bolus, an available delivery time, and a configurable 
constant. The system may also include determining, using 
the computing device, a total insulin rate as a sum of the 
intravenous insulin rate and the estimated meal bolus insulin 
rate and sending the total insulin rate from the computing 
device to the insulin administration device. The system 
operations may further include dividing a total meal time 
into meal time sub-intervals, a first meal time sub-interval 
starting with a pre-meal bolus glucose measurement before 
receiving the indication of patient solid food consumption 
and determining, using the computing device, the total 
insulin rate for each meal time Sub-interval in Succession. 

In some examples, the operations further include receiv 
ing, at the computing device, a number of actual grams of 
carbohydrates for the meal during a Subsequent time interval 
after the first time interval, determining, using the comput 
ing device, an actual meal bolus based on the number of 
actual grams of carbohydrates and determining a meal bolus 
in units of insulin, using the computing device, by Subtract 
ing a product of the estimated meal bolus insulin rate and an 
actual delivery time from the actual meal bolus. The system 
may further include determining, using the computing 
device, a revised meal bolus insulin rate as the remaining 
meal bolus divided by a time remaining in the total meal 
time, determining, using the computing device, a revised 
total insulin rate as a Sum of the intravenous insulin rate and 
the revised meal bolus insulin rate and sending the revised 
total insulin rate from the computing device to the insulin 
administration device. The operations may further comprise 
decreasing the time interval to less than the default time 
interval for the one or more meal time sub-intervals. 

In some implementations, the operations include elec 
tronically displaying on a display in communication with the 
computing device a warning and blocking transition to a 
Subcutaneous administration of insulin when the current 
blood glucose measurement is outside a stability target range 
and electronically displaying on the display a warning when 
the current blood glucose measurement is within the stability 
target range for less than a threshold stability period of time. 
In some examples, the operations include determining, using 
the computing device, a total daily dose of insulin based on 
the multiplier when the current blood glucose measurement 
is within a stability target range for a threshold stability 
period of time. The system also includes determining, using 
the computing device, recommended insulin dose including 
a daily basal insulin and a daily meal insulin for Subcuta 
neous therapy as an apportioning of the total daily dose of 
insulin, wherein the daily basal insulin is half of the total 
daily dose of insulin and the daily meal insulin is half of the 
total daily dose of insulin. The system may further include 
sending the recommended insulin dose from the computing 
device to a Subcutaneous injection device or electronically 
displaying the recommended insulin doses on a display in 
communication with the computing device. 
The dosing controller may determine the insulin dose rate 

based on the current blood glucose measurement, a constant 
(e.g., 60 mg/dl), and a multiplier. The dosing controller 
leaves the multiplier unchanged between time intervals 
when the current blood glucose measurement is greater than 
an upper limit of the blood glucose target range and the 
blood glucose drop rate is greater than or equal to a threshold 
rate of descent. In addition, the dosing controller multiplies 
the multiplier by a change factor when the current blood 
glucose measurement is greater than an upper limit of the 
blood glucose target range and the blood glucose drop rate 
is less the threshold rate of descent. The dosing controller 
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8 
may leave the multiplier unchanged between time intervals 
when the current blood glucose measurement is less than a 
lower limit of the blood glucose target range, and it may 
divide the multiplier by a change factor when the current 
blood glucose measurement is within the blood glucose 
target range. In some examples, the dosing controller leaves 
the multiplier unchanged for at least two Subsequent time 
intervals when the current blood glucose measurement is a 
pre-meal measurement. 

In some implementations, the dosing controller decreases 
the time interval when the current blood glucose measure 
ment is greater than or equal to the lower limit of the blood 
glucose target range and the blood glucose drop rate exceeds 
a threshold drop rate. In addition, the dosing controller sets 
the time interval to a default value of about one hour when 
the current blood glucose measurement is greater than or 
equal to the lower limit of the blood glucose target range and 
the blood glucose drop rate is less than or equal to a 
threshold drop rate. The dosing controller may set the time 
interval to a hypoglycemia time interval of between about 15 
minutes and about 30 minutes, when the current blood 
glucose measurement is below the lower limit of the blood 
glucose target range and greater than a hypo-threshold blood 
glucose level. 

In some examples, the dosing controller decreases the 
time interval when the current blood glucose measurement 
is below the lower limit of the blood glucose target range and 
below the hypo-threshold blood glucose level, and the blood 
glucose drop rate is less than or equal to a threshold drop 
rate. Moreover, the dosing controller sets the time interval to 
a default value of about one hour when the current blood 
glucose measurement is below the lower limit of the blood 
glucose target range and below the hypo-threshold blood 
glucose level, and the blood glucose drop rate is greater than 
the threshold drop rate. 

In some examples, the dosing controller receives, on the 
computing device, a number of carbohydrates per meal, then 
determines, using the computing device, an intravenous 
insulin rate and a meal bolus rate based on the number of 
carbohydrates. Furthermore, the dosing controller deter 
mines, using the computing device, the insulin dose rate 
based on the intravenous insulin rate and the estimated meal 
bolus rate. The dosing controller may set the time interval to 
about 30 minutes. Additionally or alternatively, the dosing 
controller may set the time interval to about 60 minutes if the 
blood glucose measurement is a second consecutive mea 
Surement after an initial pre-meal blood glucose measure 
ment. 

In some examples, the dosing controller electronically 
displays on a display in communication with the dosing 
controller a warning and blocks transition to a Subcutaneous 
administration of insulin when the current blood glucose 
measurement is outside a stability target range. The dosing 
controller electronically displays on the display a warning 
when the current blood glucose measurement is within the 
stability target range for less than a threshold stability period 
of time. The dosing controller may determine a total daily 
dose of insulin based on the multiplier when the current 
blood glucose measurement is within a stability target range 
for a threshold stability period of time. 
The details of one or more implementations of the dis 

closure are set forth in the accompanying drawings and the 
description below. Other aspects, features, and advantages 
will be apparent from the description and drawings, and 
from the claims. 

DESCRIPTION OF DRAWINGS 

FIG. 1A is a schematic view of an exemplary system for 
monitoring blood glucose level of a patient. 
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FIG. 1B is a schematic view of an exemplary system for 
monitoring blood glucose level of a patient. 

FIG. 2A is a schematic view of an exemplary process for 
monitoring the blood glucose level of a patient. 

FIG. 2B is a schematic view of an exemplary display for 
inputting patient information. 

FIG. 2C is a schematic view of an exemplary display for 
selecting a patient from a list of patients. 

FIG. 2D is a schematic view of an exemplary display 
indicating initial intravenous dosing information. 

FIG. 3 is a schematic view of an exemplary dose calcu 
lation process of FIG. 2A. 

FIG. 4A is a schematic view of an exemplary calculation 
of the intravenous time interval of FIG. 2A. 

FIGS. 4B and 4C are schematic views of an exemplary 
display showing the time a next blood glucose measurement 
is due. 

FIG. 4D is a schematic view of an exemplary display for 
inputting patient information. 

FIG. 4E is a schematic view of an exemplary display of 
patient information and a timer for a patient’s next blood 
glucose measurement. 

FIGS. 5A and 5B are schematic views of an exemplary 
meal bolus process of FIG. 2A. 

FIG. 5C is a schematic view of an exemplary display for 
inputting a patient’s blood glucose measurement. 
FIG.5D is a schematic view of an exemplary display of 

patient information and a timer for a patient’s next blood 
glucose measurement. 

FIGS. 5E and 5F are schematic views of exemplary 
displays requesting information from the user. 

FIGS. 6A and 6B are schematic views of an exemplary 
subcutaneous transition process of FIG. 2A. 

FIG. 6C is a schematic view of an exemplary warning to 
the user relating to the patient. 

FIG. 6D is a schematic view of an exemplary display 
inquiring whether the patient should continue treatment or 
stop. 

FIG. 6E is a schematic view of an exemplary display 
requesting information from the user relating to the patient. 

FIG. 6F is a schematic view of an exemplary display 
showing the recommended dose of insulin. 

FIG. 6G is a schematic view of an exemplary view to the 
user relating to transitioning a patient to Subcutaneous 
delivery. 

FIG. 7 is a schematic view of an exemplary arrangement 
of operations for administering insulin. 

Like reference symbols in the various drawings indicate 
like elements. 

DETAILED DESCRIPTION 

Diabetic hospital patients who eat meals often have poor 
appetites; consequently, co-ordination of meal boluses and 
meals is difficult. Meal boluses without meals cause hypo 
glycemia; meals without meal boluses cause hyperglycemia. 
Different providers may use different methods of adjusting 
doses: Some may use formulas of their own; Some may use 
paper protocols that are complex and difficult for the nurse 
to follow, leading to a high incidence of human error, and 
Some may use heuristic methods. There is no guarantee of 
consistency. Moreover, for diabetic patients who do not eat 
meals, there is no currently no computerized method of 
tracking the patient’s status. For non-diabetic patient who 
get include due to “stress hyperglycemia' when they are 
very sick or undergoing Surgery, there is no current method 
of monitoring their recovery when the stress Subsides and 
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10 
their need for insulin rapidly decreases. If the dose regimen 
does not decrease rapidly also, hypoglycemia may result. 
Therefore, it is desirable to have a clinical support system 
100 (FIGS. 1A and 1B) that monitors patients blood glucose 
level. 

Referring to FIGS. 1A and 1B, in some implementations, 
a clinical decision Support system 100 analyzes inputted 
patient condition parameters for a patient 10 and calculates 
a personalized dose of insulin to bring and maintain the 
patient’s blood glucose level into a target range B.G. 
Moreover, the system 100 monitors the glucose levels of a 
patient 10 and calculates recommended intravenous or Sub 
cutaneous insulin dose to bring the patient’s blood glucose 
into the preferred target range BG over a recommended 
period of time. A qualified and trained healthcare profes 
sional 40 may use the system 100 along with clinical 
reasoning to determine the proper dosing administered to a 
patient 10. Therefore, the system 100 is a glycemic man 
agement tool for evaluation a patient’s current and cumu 
lative blood glucose value BG while taking into consider 
ation the patients information Such as age, weight, and 
height. The system 100 may also consider other information 
Such as carbohydrate content of meals, insulin doses being 
administered to the patient 10, e.g., long-acting insulin doses 
for basal insulin and rapid-acting insulin doses for meal 
boluses and correction boluses. Based on those measure 
ments (that may be stored in non-transitory memory 24, 114, 
144), the system 100 recommends an intravenous dosage of 
insulin, glucose, or saline or a Subcutaneous basal and bolus 
insulin dosing recommendation or prescribed dose to adjust 
and maintain the blood glucose level towards a configurable 
(based on the patient’s information) physician’s determined 
blood glucose target range BG. The system 100 also 
considers a patient's insulin sensitivity or improved glyce 
mic management and outcomes. The system 100 may take 
into account pertinent patient information Such as demo 
graphics and previous results, leading to a more efficient use 
of healthcare resources. Finally, the system 100 provides a 
reporting platform for reporting the recommendations or 
prescribed dose(s) to the user 40 and the patient 10. In 
addition, for diabetic patients who eat meals, the system 100 
provides faster, more reliable, and more efficient insulin 
administration than a human monitoring the insulin admin 
istration. The system 100 reduces the probability of human 
error and insures consistent treatment, due to the systems 
capability of storing and tracking the patient’s blood glucose 
levels BG, which may be used for statistical studies. As for 
patients who are tube-fed or do not eat meals, the system 100 
provides dedicated Subprograms, which in turn provide 
basal insulin and correction boluses but no meal boluses. 
Patients who are tube-fed or who do not eat usually have a 
higher basal insulin level than patients who eat, because the 
carbohydrates in the nutritive formula are accounted-for in 
the basal insulin. The system 100 provides a meal-by-meal 
adjustment of Meal Boluses without carbohydrate counting, 
by providing a dedicated Subprogram that adjusts meal 
boluses based on the immediately preceding meal bolus and 
the BG that followed it. The system 100 provides a meal 
by-meal adjustment of Meal Boluses with carbohydrate 
counting by providing a dedicated Subprogram that adjusts 
meal boluses based a Carbohydrate-to-Insulin Ratio (CIR) 
that is adjusted at each meal, based on the CIR used at the 
immediately preceding meal bolus and the BG that followed 
it. 

Hyperglycemia is a condition that exists when blood 
Sugars are too high. While hyperglycemia is typically asso 
ciated with diabetes, this condition can exist in many 
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patients who do not have diabetes, yet have elevated blood 
Sugar levels caused by trauma or stress from Surgery and 
other complications from hospital procedures. Insulin 
therapy is used to bring blood Sugar levels back into a 
normal range. 

Hypoglycemia may occur at any time when a patients 
blood glucose level is below a preferred target. Appropriate 
management of blood glucose levels for critically ill patients 
reduces co-morbidities and is associated with a decrease in 
infection rates, length of hospital stay, and death. The 
treatment of hyperglycemia may differ depending on 
whether or not a patient has been diagnosed with Type 1 
diabetes mellitus, Type 2 diabetes mellitus, gestational dia 
betes mellitus, or non-diabetic stress hyperglycemia. The 
blood glucose target range BG is defined by a lower limit, 
i.e., a low target BG and an upper limit, i.e., a high target 
BGTRt. 

Stress-related hyperglycemia: Patients often get “stress 
hyperglycemia' if they are very sick or undergoing Surgery. 
This condition requires insulin. In diabetic patients, the need 
for insulin is visibly increased. In non-diabetic patients, the 
stress accounts for the only need for insulin, and as the 
patients recover, the stress Subsides, and their need for 
insulin rapidly decreases. For non-diabetic patients, the 
concern is that their need for insulin decreases faster than 
their dose regimen, leading to hypoglycemia. 

Diabetes Mellitus has been treated for many years with 
insulin. Some recurring terms and phrases are described 
below: 

Injection: Administering insulin by means of manual 
Syringe or an insulin "pen.” with a portable syringe named 
for its resemblance to the familiar writing implement. 

Infusion: Administering insulin in a continuous manner 
by means of an insulin pump for Subcutaneous insulin or an 
intravenous apparatus 123a, both of which are capable of 
continuous administration. 

Intravenous Insulin Therapy: Intravenous infusion of 
insulin has been approved by the U.S. Food and Drug 
Administration as an acceptable indication for use. Intrave 
nous infusion is the fastest of all insulin administration 
routes and, typically, only available in the hospital setting. 
For instance, in intensive care units, the patients may be fed 
by intravenous glucose infusion, by intravenous Total Par 
enteral Nutrition (TPN), or by a tube to the stomach. Patients 
are often given insulin in an intravenous infusion at an 
insulin infusion rate IIR. The IIR is regulated by the frequent 
testing of blood glucose, typically at intervals between about 
20 minutes and 2 hours. This is combined with a protocol in 
which a new IIR is computed after each blood glucose test. 

Basal-Bolus Therapy: Basal-bolus therapy is a term that 
collectively refers to any insulin regimen involving basal 
insulin and boluses of insulin. 

Basal Insulin: Insulin that is intended to metabolize the 
glucose released by a patients the liver during a fasting 
state. Basal insulin is administered in Such a way that it 
maintains a background level of insulin in the patients 
blood, which is generally steady but may be varied in a 
programmed manner by an insulin pump 123a. Basal insulin 
is a slow, relatively continuous Supply of insulin throughout 
the day and night that provides the low, but present, insulin 
concentration necessary to balance glucose consumption 
(glucose uptake and oxidation) and glucose production 
(glucogenolysis and gluconeogenesis). A patient’s Basal 
insulin needs are usually about 10 to 15 mO/kg/hr and 
account for 30% to 50% of the total daily insulin needs: 
however, considerable variation occurs based on the patient 
10. 
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12 
Bolus Insulin: Insulin that is administered in discrete 

doses. There are two main types of boluses, Meal Bolus and 
Correction Bolus. 
Meal Bolus: Taken just before a meal in an amount which 

is proportional to the anticipated immediate effect of carbo 
hydrates in the meal entering the blood directly from the 
digestive system. The amounts of the Meal Boluses may be 
determined and prescribed by a physician 40 for each meal 
during the day, i.e., breakfast, lunch, and dinner. Alterna 
tively, the Meal Bolus may be calculated in an amount 
generally proportional to the number of grams of carbohy 
drates in the meal. The amount of the Meal Bolus is 
calculated using a proportionality constant, which is a per 
sonalized number called the Carbohydrate-to-Insulin Ratio 
(CIR) and calculated as follows: 

Meal Insulin Bolus={grams of carbohydrates in the 
meal/CIR (1) 

Correction Bolus CB: Injected immediately after a blood 
glucose measurement; the amount of the correction bolus is 
proportional to the error in the BG (i.e., the bolus is 
proportional to the difference between the blood glucose 
measurement BG and the patients personalized Target 
blood glucose BG). The proportionality constant is a 
personalized number called the Correction Factor, CF, and is 
calculated as follows: 

A Correction Bolus CB is generally administered in a 
fasting state, after the previously consumed meal has been 
digested. This often coincides with the time just before the 
next meal. 

There are several kinds of Basal-Bolus insulin therapy 
including Insulin Pump therapy and Multiple Dose Injection 
therapy: 

Insulin Pump Therapy: An insulin pump 123a is a medical 
device used for the administration of insulin in the treatment 
of diabetes mellitus, also known as continuous Subcutaneous 
insulin infusion therapy. The device includes: a pump, a 
disposable reservoir for insulin, and a disposable infusion 
set. The pump 123a is an alternative to multiple daily 
injections of insulin by insulin Syringe or an insulin pen and 
allows for intensive insulin therapy when used in conjunc 
tion with blood glucose monitoring and carbohydrate count 
ing. The insulin pump 123a is a battery-powered device 
about the size of a pager. It contains a cartridge of insulin, 
and it pumps the insulin into the patient via an “infusion set'. 
which is a small plastic needle or “canula fitted with an 
adhesive patch. Only rapid-acting insulin is used. 

Multiple Dose Injection (MDI): MDI involves the sub 
cutaneous manual injection of insulin several times per day 
using Syringes or insulin pens 123b. Meal insulin is Supplied 
by injection of rapid-acting insulin before each meal in an 
amount proportional to the meal. Basal insulin is provided as 
a once, twice, or three time daily injection of a dose of 
long-acting insulin. Other dosage frequencies may be avail 
able. Advances continue to be made in developing different 
types of insulin, many of which are used to great advantage 
with MDI regimens: 

Long-acting insulins are non-peaking and can be injected 
as infrequently as once per day. These insulins are widely 
used for Basal Insulin. They are administered in dosages that 
make them appropriate for the fasting state of the patient, in 
which the blood glucose is replenished by the liver to 
maintain a steady minimum blood glucose level. 

Rapid-acting insulins act on a time scale shorter than 
natural insulin. They are appropriate for boluses. 
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In some examples, critically ill patients are ordered nil per 
os (NPO), which means that oral food and fluids are with 
held from the patient 10. Typically these patients 10 are 
unconscious, have just completed an invasive Surgical pro 
cedure, or generally have difficulty Swallowing. Intravenous 5 
insulin infusion is typically the most effective method of 
managing blood glucose levels in these patients. A patient 10 
may be NPO and receiving a steady infusion of intravenous 
glucose, Total Parenteral Nutrition, tube feeding, regular 
meals that include carbohydrates, or not receiving any 
nutrition at all. In cases where the patient 10 is not receiving 
any nutrition, blood glucose is typically replaced by endog 
enous production by the liver. 
As a patient’s condition improves, an NPO order may be 

lifted, allowing the patient 10 to commence an oral caloric 15 
intake. In patients 10 with glycemic abnormalities, addi 
tional insulin may be needed to cover the consumption of 
carbohydrates. These patients 10 generally receive one-time 
injections of insulin in the patient's Subcutaneous tissue. 

Subcutaneous administration of mealtime insulin in criti 
cally ill patients 10 can introduce a patient safety risk if, after 
receiving the insulin injection, the patient 10 decides not to 
eat, is unable to finish the meal, or experiences emesis. 

Continuous intravenous infusion of mealtime insulin, 
over a predetermined time interval, allows for an incremen 
tal fulfillment of the patient’s mealtime insulin requirement, 
while minimizing patient safety risks. If a patient 10 decides 
he/she is unable to eat, the continuous intravenous infusion 
may be stopped or, if a patient 10 is unable to finish the meal, 
the continuous intravenous infusion rate may be decreased 
to compensate for the reduction in caloric intake. 

The pharmacokinetics (what the body does to a drug over 
a period of time, which includes the processes of absorption, 
distribution, localization in tissues, biotransformation, and 
excretion) and pharmacodynamics (what a drug does to the 
body) actions of insulin significantly improve when admin 
istering insulin via an intravenous route, which is a typical 
method of delivery for hospitalized patients 10. The man 
agement of prandial insulin requirements using an intrave 
nous route can improve patient safety, insulin efficiency, and 
the accuracy of insulin dosing. The majority of patients who 
require continuous intravenous insulin infusion therapy may 
also need to be transitioned to a Subcutaneous insulin 
regimen for ongoing control of blood glucose, regardless of 
diabetes mellitus (DM) diagnosis. Moreover, the timing, 45 
dosing, and process to transition patients 10 from a continu 
ous intravenous route of insulin administration to a Subcu 
taneous insulin regimen is complex and should be individu 
alized based on various patient parameters. Failure to 
individualize this approach could increase the risk of severe 50 
hypoglycemia during the transition process. If not enough 
insulin is given, the patient 10 may experience acute post 
transition hyperglycemia, requiring re-initiation of a con 
tinuous intravenous insulin infusion. Therefore, the clinical 
decision support system 100 calculates a personalized dose 55 
of insulin to bring and maintain the patient's blood glucose 
level into a target range BG, while taking into consider 
ation the condition of the patient 10. 
The clinical decision support system 100 includes a 

glycemic management module 50, an integration module 60, 60 
a surveillance module 70, and a reporting module 80. Each 
module 50, 60, 70, 80 is in communication with the other 
modules 50, 60, 70, 80 via a network 20. In some examples, 
the network 24 (discussed below) provides access to cloud 
computing resources that allows for the performance of 65 
services on remote devices instead of the specific modules 
50, 60, 70, 80. The glycemic management module 50 
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14 
executes a process 200 (e.g., an executable instruction set) 
on a processor 112, 132, 142 or on the cloud computing 
resources. The integration module 60 allows for the inter 
action of users 40 with the system 100. The integration 
module 60 receives information inputted by a user 40 and 
allows the user 40 to retrieve previously inputted informa 
tion stored on a storage system (e.g., one or more of cloud 
storage resources 24, a non-transitory memory 144 of a 
hospital’s electronic medical system 140, a non-transitory 
memory 114 of the patient device 110, or other non-transi 
tory storage media in communication with the integration 
module 60). Therefore, the integration module 60 allows for 
the interaction between the users 40 and the system 100 via 
a display 116, 146. The surveillance module 70 considers 
patient information 208a received from a user 40 via the 
integration module 60 and information received from a 
glucometer 124 that measures a patient’s blood glucose 
value BG and determines if the patient 10 is within a 
threshold blood glucose value BG. In some examples, the 
surveillance module 70 alerts the user 40 if a patient’s blood 
glucose values BG are not within a threshold blood glucose 
value BG. The surveillance module 70 may be precon 
figured to alert the user 40 of other discrepancies between 
expected values and actual values based on pre-configured 
parameters (discussed below). For example, when a 
patient’s blood glucose value BG drops below a lower limit 
of the threshold blood glucose value BG. The reporting 
module 80 may be in communication with at least one 
display 116, 146 and provides information to the user 40 
determined using the glycemic management module 50, the 
integration module 60, and/or the surveillance module 70. In 
some examples, the reporting module 80 provides a report 
that may be displayed on a display 116, 146 and/or is capable 
of being printed. 
The system 100 is configured to evaluate a glucose level 

and nutritional intake of a patient 10. The system 100 also 
evaluates whether the patient 10 is transitioning to a sub 
cutaneous insulin regime. Based on the evaluation and 
analysis of the data, the system 100 calculates an insulin 
dose, which is administered to the patient 10 to bring and 
maintain the blood glucose level of the patient 10 into the 
blood glucose target range BG. The system 100 may be 
applied to various devices, including, but not limited to, 
intravenous infusion pumps 123a, Subcutaneous insulin 
infusion pumps 123a, glucometers, continuous glucose 
monitoring systems, and glucose sensors. In some imple 
mentations, as the system 100 is monitoring the patients 
blood glucose values BG and the patient’s insulin intake, the 
system 100 notifies the user 40 if the patient 10 receives 
more than 500 units/hour of insulin because the system 100 
considers these patients 10 to be insulin resistant. 

In some examples the clinical decision Support system 
100 includes a network 20, a patient device 110, a dosing 
controller 160, and a service provider 130. The patient 
device 110 may include, but is not limited to, desktop 
computers or portable electronic device (e.g., cellular phone, 
Smartphone, personal digital assistant, barcode reader, per 
Sonal computer, or a wireless pad) or any other electronic 
device capable of sending and receiving information via the 
network 20. 
The patient device 110 includes a data processor 112 (e.g., 

a computing device that executes instructions), and non 
transitory memory 114 and a display 116 (e.g., touch display 
or non-touch display) in communication with the data pro 
cessor 112. In some examples, the patient device 110 
includes a keyboard 118, speakers 212, microphones, 
mouse, and a camera. 
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The service provider 130 may include a data processor 
132 in communication with non-transitory memory 134. The 
service provider 130 provides the patient 10 with a process 
200 (see FIG. 2) (e.g., a mobile application, a web-site 
application, or a downloadable program that includes a set 
of instructions) executable on a processor 112, 132, 142 of 
the dosing controller 160 and accessible through the network 
20 via the patient device 110, intravenous infusion pumps 
123a, hospital electronic medical record systems 140, or 
portable blood glucose measurement devices 124 (e.g., 
glucose meter or glucometer). Intravenous infusion pumps 
infuse fluids, medication or nutrients into a patient’s circu 
latory system. Intravenous infusion pumps 123a may be 
used intravenously and, in Some instances, Subcutaneous, 
arterial and epidural infusions are used. Intravenous infusion 
pumps 123a typically administer fluids that are expensive or 
unreliable if administered manually (e.g., using a pen 123b) 
by a nurse or doctor 40. Intravenous infusion pumps 123a 
can administer a 0.1 ml per hour injection, injections every 
minute, injections with repeated boluses requested by the 
patient, up to a maximum number per hours, or fluids whose 
volumes vary by the time of day. 

In some implementations, an electronic medical record 
system 140 is located at a hospital 42 (or a doctor's office) 
and includes a data processor 142, a non-transitory memory 
144, and a display 146 (e.g., touch display or non-touch 
display). The transitory memory 144 and the display 146 are 
in communication with the data processor 142. In some 
examples, the hospital electronic medical system 140 
includes a keyboard 148 in communication with the data 
processor 142 to allow a user 40 to input data, Such as patient 
information 208a (FIGS. 2A and 2B). The non-transitory 
memory 144 maintains patient records capable of being 
retrieved, viewed, and, in some examples, modified and 
updated by authorized hospital personal on the display 146. 

The dosing controller 160 is in communication with the 
glucometer 124 and includes a computing device 112, 132, 
142 and non-transitory memory 114, 134, 144 in commu 
nication with the computing device 112, 132, 142. The 
dosing controller 160 executes the process 200. The dosing 
controller 160 stores patient related information retrieved 
from the glucometer 124 to determine an insulin dose rate 
IRR based on the received blood glucose measurement BG. 
The network 20 may include any type of network that 

allows sending and receiving communication signals. Such 
as a wireless telecommunication network, a cellular tele 
phone network, a time division multiple access (TDMA) 
network, a code division multiple access (CDMA) network, 
Global system for mobile communications (GSM), a third 
generation (3G) network, fourth generation (4G) network, a 
satellite communications network, and other communication 
networks. The network 20 may include one or more of a 
Wide Area Network (WAN), a Local Area Network (LAN), 
and a Personal Area Network (PAN). In some examples, the 
network 20 includes a combination of data networks, tele 
communication networks, and a combination of data and 
telecommunication networks. The patient device 110, the 
service provider 130, and the hospital electronic medical 
record system 140 communicate with each other by sending 
and receiving signals (wired or wireless) via the network 20. 
In some examples, the network 20 provides access to cloud 
computing resources, which may be elastic? on-demand com 
puting and/or storage resources 24 available over the net 
work 20. The term cloud services generally refers to a 
service performed not locally on a user's device, but rather 
delivered from one or more remote devices accessible via 
one or more networks 20. 
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Referring to FIGS. 1B and 2A-2C, the process 200 

receives parameters (e.g., patient condition parameters) 
inputted via the client device 110, the service provider 130, 
and/or the hospital system 140, analyzes the inputted param 
eters, and determines a personalized dose of insulin to bring 
and maintain a patient’s blood glucose level BG into a 
preferred target range BG. 

In some implementations, before the process 200 begins 
to receive the parameters, the process 200 may receive a 
username and a password (e.g., at a login screen displayed 
on the display 116,146) to verify that a qualified and trained 
healthcare professional 40 is initiating the process 200 and 
entering the correct information that the process 200 needs 
to accurately administer insulin to the patient 10. The system 
100 may customize the login screen to allow a user 40 to 
reset their password and/or username. Moreover, the system 
100 may provide a logout button (not shown) that allows the 
user 40 to log out of the system 100. The logout button may 
be displayed on the display 116, 146 at any time during the 
execution of the process 200. 
The clinical decision support system 100 may include an 

alarm system 120 that alerts a user 40 when the patients 
blood glucose level BG is outside the target range BG. The 
alarm system 120 may produce an audible Sound via speaker 
122 in the form of a beep or some like audio sounding 
mechanism. In some examples, the alarm system 120 dis 
plays a warning message or other type of indication on the 
display 116 of the patient device 110 to provide a warning 
message. The alarm system 120 may also send the audible 
and/or visual notification via the network 20 to the hospital 
system 140 (or any other remote station) for display on the 
display 146 of the hospital system 140 or played through 
speakers 152 of the hospital system 140. 
The process 200 prompts a user 40 to input patient 

information 208a at block 208. The user 40 may input the 
patient information 208a, for example, via the user device 
110 or via the hospital electronic medical record systems 
140 located at a hospital 42 (or a doctors office). The user 
40 may input new patient information 208a as shown in FIG. 
2B or retrieve previously stored patient information 208a as 
shown in FIG. 2C. In some implementations, the process 
200 provides the user 40 with a patient list 209 (FIG. 2C) 
where the user 40 selects one of the patient names from the 
patient list 209, and the process 200 retrieves that patients 
information 208a. The process 200 may allow the user 40 to 
filer the patient list 209, e.g., alphabetically (first name or 
last name), by location, patient identification. The process 
200 may retrieve the patient information 208a from the 
non-transitory memory 144 of the hospital's electronic 
medical system 140 or the non-transitory memory 114 of the 
patient device 110 (e.g., where the patient information 208a 
was previously entered and stored). The patient information 
208a may include, but is not limited to, a patient's name, a 
patient’s identification number (ID), a patient's height, 
weight, date of birth, diabetes history, physician name, 
emergency contact, hospital unit, diagnosis, gender, room 
number, and any other relevant information. In some 
examples, the diagnosis may include, but is not limited to, 
burn patients, Coronary artery bypass patients, Stoke 
patients, diabetic ketoacidosis (DKA) patients, and trauma 
patients. After the user 40 completes inputting the patient 
information 208a, the process 200 at block 202 determines 
whether the patient 10 is being treated with an intravenous 
treatment module by prompting the user 40 (e.g., on the 
display 116, 146) to input whether the patient 10 will be 
treated with an intravenous treatment module. If the patient 
10 will not be treated with the intravenous treatment module, 
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the process 200 determines at block 210 whether the patient 
10 will be treated with a subcutaneous treatment module, by 
asking the user 40 (e.g., by prompting the user 40 on the 
display 116, 146). If the user 40 indicates that the patient 10 
will be treated with the subcutaneous treatment, the process 
200 flows to block 216, where the user 40 enters patient 
Subcutaneous information 216a. Such as bolus insulin type, 
target range, basal insulin type and frequency of distribution 
(e.g., 1 does per day, 2 doses per day, 3 doses per day, etc.), 
patient diabetes status, Subcutaneous type ordered for the 
patient (e.g., Basal/Bolus and correction that is intended for 
patients on a consistent carbohydrate diet, or Basal and 
correction that is intended for patients who are NPO or on 
continuous enteral feeds), frequency of patient blood glu 
cose measurements, or any other relevant information. In 
Some implementations, the patient Subcutaneous informa 
tion 216a is prepopulated with default parameters, which 
may be adjusted or modified. When the user 40 enters the 
patient Subcutaneous information 216, the Subcutaneous 
program begins at block 226. The process may determine 
whether the patient 10 is being treated with an intravenous 
treatment or a Subcutaneous treatment by prompting the user 
40 to select between two options (e.g., a button displayed on 
the display 116, 146), one being the intravenous treatment 
and the other begin the Subcutaneous treatment. 

In some implementations and referring back to block 202, 
if the process 200 determines that the patient 10 will be 
treated with the intravenous treatment module, the process 
200 prompts the user 40 at block 204 for setup data 204a, 
Such as patient parameters 204a relevant to the intravenous 
treatment mode. In some examples, the patient parameter 
204a relating to the intravenous treatment may be prepopu 
lated, for example, with default values that may be adjusted 
and modified by the user 40. These patient parameters 204a 
may include an insulin concentration (i.e., the strength of 
insulin being used for the intravenous dosing, which may be 
measured in units/milliliter), the type of insulin and rate 
being administered to the patient, the blood glucose target 
range BG, the patient’s diabetes history, a number of 
carbohydrates per meal, or any other relevant information. 
In some implementations, the type of insulin and the rate of 
insulin depend on the BG of the patient 10. For example, the 
rate and type of insulin administered to a patient 10 when the 
blood glucose value BG of the patient 10 is greater or equal 
to 250 mgl/dl may be different than the rate and type of 
insulin administered to the patient 10 when the blood 
glucose value BG of the patient is greater than 250 ml/dl. 
The blood glucose target range BG may be a configurable 
parameter, customized based on various patient factors. The 
blood glucose target range BG may be limited to 40 mg/dl 
(e.g., 100-140 mg/dl. 140-180 mg/dl., and 120-160 mg/dl). 

After the user 40 inputs patient parameters 204a for the 
intravenous treatment at block 204, the process 200 prompts 
the user 40 to input the blood glucose value BG of the patient 
10 at block 206. The blood glucose value BG may be 
manually inputted by the user 40, sent via the network 20 
from a glucometer 124, sent electronically from the hospital 
information or laboratory system 140, or other wireless 
device. The process 200 determines a personalized insulin 
dose rate, referred to as an insulin infusion rate IIR, using the 
blood glucose value BG of the patient 10 and a dose 
calculation process 300. 

FIG. 3 provides a dose calculation process 300 for cal 
culating the insulin infusion rate IIR of the patient 10 for 
intravenous treatment after the process 200 receives the 
patient information 208a discussed above (including the 
patients’ blood glucose value BG). At block 301 the dose 
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18 
calculation process 300 determines if the patient’s blood 
glucose BG is less than a stop threshold value BG. If 
not, then at block 303 the dose calculation process 300 goes 
to block 304 without taking any action. If, however, the 
patient’s blood glucose BG is less than a stop threshold 
value BG, then the calculation dose process sets the 
patient’s regular insulin dose rate IRR to zero at block 302, 
which then goes to block 322. The dose calculation process 
300 determines at decision block 304 if the inputted blood 
glucose value BG is the first inputted blood glucose value. 
The patient’s regular insulin dose rate IIR is calculated at 

block 320 in accordance with the following equation: 

where K is a constant, known as the Offset Target, with the 
same unit of measure as blood glucose and M is a unit-less 
multiplier. In some examples, the Offset Target K is lower 
than the blood glucose target range of the patient 10. The 
Offset Target Kallows the dose calculation process 300 to 
calculate a non-zero stable insulin dose rate even with a 
blood glucose result is in the blood glucose target range 
BG. 
The initial multiplier M. determined by the physician 40, 

approximates the sensitivity of a patient 10 to insulin. For 
example, the initial multiplier equals 0.02 for adults ages 18 
and above. In some examples, the initial multiplier M equals 
0.01 for frail elderly patients 10 who may be at risk for 
complications arising when their blood glucose level BG 
falls faster than 80 mg/dl/hr. Moreover, the physician 40 
may order a higher initial multiplier M, for patients 10 with 
special needs, such as CABG patients (i.e., patients who 
have undergone coronary artery bypass grafting) with BMI 
(Body Mass Index which is a measure for the human body 
shape based on the individuals mass and height) less than 
30 might typically receive an initial multiplier of 0.05, 
whereas a patient 10 with BMI greater than 30 might receive 
an initial multiplier M of 0.06. In addition, a patients 
weight may be considered in determining the value of the 
initial multiplier M, for examples, in pediatric treatments, 
the system 100 calculates a patient’s initial multiplier M, 
using the following equation: 

M=0.0002xWeight of patient (in kilograms) (3B) 

In some implementations, K is equal to 60 mg/dl. The dose 
calculation process 300 determines the target blood glucose 
target range BG using two limits inputted by the user 40. 
a lower limit of the target range BG and an upper (high) 
limit of the target range BG. These limits are chosen by 
the user 40 so that they contain the desired blood glucose 
target as the midpoint. Additionally, the Offset Target K may 
be calculated dynamically in accordance with the following 
equation: 

K-BG-Offset, (4) 

where BG, is the midpoint of the blood glucose target 
range BG and Offset is the preconfigured distance between 
the target center BG, and the Offset Target, K. 

In some implementations, the insulin dose rate IRR may 
be determined by the following process on a processor 112, 
132, 142. Other processes may also be used. 

function IIR(Ssf, Scurrent bg, Sbg default = 60, Sinsulin concentration, 
Sins units of measure = units/hr) { 

settype(Ssf, float); 
settype(Sbg default, float); 
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-continued 

settype(Scurrent bg, float); 
settype(Sinsulin concentration, float); 
f: 

(a)param SSf = sensitivity factor from db 
(aparam Scurrent bg = the current bg value being Submitted 
(a)param Sdb default = the default “Stop Insulin When value....If 

it isn't passed, it defaults to 60 
(aparam Sinsulin concentration = the default insulin concentration 

from settings 
* 10 

if(Scurrent bg > 60) { 
Sir = array(); 
Sir O = round (Scurrent bg - Sbg default) * $sf, 1); 
if (Sins units of measure = units/hr) { 

Siir1 = round((Scurrent bg - Sbg default) * $sff 
Sinsulin concentration 1); 15 

return Siir; 
else { 
return 0; 

Referring to decision block 304, when the dose calcula 
tion process 300 determines that the inputted blood glucose 
value BG is the first inputted blood glucose value, then the 
dose calculation process 300 defines the value of the current 25 
multiplier M equal to an initial multiplier (A) at block 306. 
The dose calculation process 300 then calculates, at block 
320, the Insulin Infusion Rate in accordance with the IIR 
equation (EQ. 3A) and returns to the process 200 (see FIG. 
2). 30 

However, referring back to decision block 304, when the 
dose calculation process 300 determines that the inputted 
blood glucose value BG is not the first inputted blood 
glucose value, the dose calculation process 300 determines 
if the Meal Bolus Module has been activated at decision 35 
block 308. If the dose calculation process 300 determines 
that the Meal Bolus Module has been activated, then the 
dose calculation process 300 begins a Meal Bolus process 
500 (see FIG. 5). 

Referring back to decision block 308, if the Meal Bolus 40 
Module has not been activated, the dose calculation process 
300 determines, at decision block 310, if the current blood 
glucose value BG is greater than the upper limit BG of 
the blood glucose target range BG. If the blood glucose 
value BG is greater than the upper limit BG of the blood 45 
glucose target range BG, the dose calculation process 300 
determines, at block 314, a ratio of the current blood glucose 
value BG to the previous blood glucose value BG, where 
BG was measured at an earlier time than the current BG. 
The process 200 then determines if the ratio of the blood 50 
glucose to the previous blood glucose, BG/BG, is greater 
than a threshold value L, as shown in the following 
equation: 

where BG is the patient’s current blood glucose value; BG 
is the patient’s previous blood glucose value; and L is the 
threshold ratio of BG/BG for blood glucose values above 
the upper limit of the blood glucose target range BG. If 
the ratio BG/BG exceeds the threshold ratio L, then the 60 
Multiplier M is increased. In some examples, the threshold 
ratio L equals 0.85. 

If the dose calculation process 300 determines that the 
ratio (BG/BG) of the blood glucose value BG to the 
previous blood glucose value BG is not greater than the 65 
threshold ratio L for a blood glucose value BG above the 
upper limit BG of the blood glucose target range BG 

20 
then the dose calculation process 300 sets the value of the 
current multiplier M to equal the value of the previous 
multiplier Me, see block 312. 

M=M. (6) 

Referring back to block 314, if the dose calculation 
process 300 determines that the ratio (BG/BG) of the blood 
glucose value BG to the previous blood glucose BG, is 
greater than the threshold ratio L for a blood glucose value 
above upper limit BG of the blood glucose target range 
BG, then dose calculation process 300 multiplies the value 
of the current multiplier M by a desired Multiplier Change 
Factor (M) at block 318. The dose calculation process 300 
then calculates the insulin infusion rate at block 320 using 
the IIR equation (EQ. 3A) and returns to the process 200 (see 
FIG. 2). 

Referring back to block 310, when the dose calculation 
process 300 determines that the current blood glucose value 
BG is not greater than the upper limit BG of the blood 
glucose target range BG, the dose calculation process 300 
then determines if the current blood glucose concentration 
BG is below the lower limit BG of the blood glucose 
target range BG at decision block 311. If the current blood 
glucose value BG is below the lower limit BG of the 
blood glucose target range BG, the dose calculation pro 
cess 300 at block 316 divides the value of the current 
multiplier M by the Multiplier Change Factor (M), in 
accordance with the following equation: 

MFM/M. (7) 

and calculates the current insulin infusion rate IIR using 
equation 3 at block 320 and returns to the process 200 (see 
FIG. 2). 
At block 311, if the dose calculation process 300 deter 

mines that the blood glucose value BG is not below the 
lower limit of the blood glucose target range BG, the 
dose calculation process 300 sets the value of the current 
multiplier to be equal to the value of the previous multiplier 
M, at block 312 (see EQ. 6). 

Referring again to FIG. 3, at block 311, if the current 
blood glucose value BG is below the lower limit of the target 
range BG logic passes to decision block 322, where the 
process 300 determines if the current blood glucose con 
centration BG is below a hypoglycemia threshold BG. If 
the current blood glucose BG is below the hypoglycemia 
threshold BG logic then passes to block 324, where the 
process 300 recommends hypoglycemia treatment, either by 
a calculation of an individualized dose of intravenous glu 
cose or oral hypoglycemia treatment. 

Referring back to FIG. 2A, after the dose calculation 
process 300 calculates the insulin infusion rate IIR, the 
process 200 proceeds to a time calculation process 400 (FIG. 
4A) for calculating a time interval T, until the next blood 
glucose measurement. 

FIG. 4A shows the time interval calculation process 400 
for calculating a time interval T between the current 
blood glucose measurement BG and the next blood glucose 
measurement BG. The time-duration of blood glucose 
measurement intervals T may vary and the starting time 
interval can either be inputted by a user 40 at the beginning 
of the process 200, 300, 400, or defaulted to a predetermined 
time interval, Tot, (e.g., one hour). The time interval 
T is shortened if the blood glucose concentration BG of 
the patient 10 is decreasing excessively, or it may be 
lengthened if the blood glucose concentration BG of the 
patient 10 becomes stable within the blood glucose target 
range BGzR. 
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The time-interval calculation process 400 determines a 
value for the time interval T, based on several conditions. 
The time-interval process 400 checks for the applicability of 
several conditions, where each condition has a value for 
T, that is triggered by a logic-test (except Tai). The 
process 400 selects the lowest value of T from the values 
triggered by logic tests (not counting T). If no logic test 
was triggered, the process selects T. This is accom 
plished in FIG. 4A by the logic structure that selects the 
lowest values of T, first. However, other logic structures 
are possible as well. 
The time calculation process 400 determines at decision 

block 416 if the current blood glucose BG is below the lower 
limit BG (target range low limit) of the blood glucose 
target range BG. If the current blood glucose BG is below 
the lower limit BG of the blood glucose target range 
BG, then the time calculation process 400 determines, at 
decision block 418, if the current blood glucose BG is less 
than a hypoglycemia-threshold blood glucose level BG. 

If the current blood glucose BG is less than the hypogly 
cemia-threshold blood glucose level BG, the time cal 
culation process 400 sets the time interval T, to a hypo 
glycemia time interval T, e.g., 15 or 30 minutes, at block 
426. Then the time calculation process 400 is complete and 
returns to the process 200 (FIG. 2) at block 428. 

If the current blood glucose BG is not less than (i.e., is 
greater than) the hypoglycemia-threshold blood glucose 
level BG, at block 418, the time calculation process 400 
determines at block 422 if the most recent glucose percent 
drop BG, , is greater than the threshold glucose per 
centage drop 96 Drop, , (for a low BG range) using the 
following equation: 

BGo, drop'o DropLa Limit (8A) 
since 

(BGp - BG) (8B) 
BGc, drop = (PEP) 

then, 

(BGP - BG) (8C) 
(PEP) > % Droptotini 

where BG is a previously measured blood glucose. 
If the current glucose percent drop BG, ... is not 

greater than the limit for glucose percent drop (for the low 
BG range) 96 Drop, , the time calculation process 400 
passes the logic to block 412. In some examples, the low 
limit % Drop, , equals 25%. 

Referring back to block 422, if the current glucose percent 
drop BGo. is greater than the limit for glucose percent 
drop (for the low BG range) '% Drop, , the time 
calculation process 400 at block 424 sets the time interval to 
a shortened time interval Ts for example 20 minutes, to 
accommodate for the increased drop rate of the blood 
glucose BG. Then the time calculation process 400 is 
complete and returns to the process 200 (FIG. 2) at block 
428. 

Referring back to decision block 416, if the time calcu 
lation process 400 determines that the current blood glucose 
BG is not below the lower limit BG for the blood glucose 
target range BG, the time calculation process 400 deter 
mines at block 420 if the blood glucose BG has decreased by 
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22 
a percent of the previous blood glucose that exceeds a limit 
% Drop (for the regular range, i.e., blood glucose 
value BGBG), using the formula: 

(th, - BG) (9) BGP >% DropRita 

If the blood glucose BG has decreased by a percentage 
that exceeds the regular threshold glucose percent drop (for 
the regular BG range) % Drop, the time calculation 
process 400, at block 425, sets the time interval to the 
shortened time interval Ts for example 20 minutes. A 
reasonable value for % Drop for many implementa 
tions is 66%. Then the time calculation process 400 is 
complete and returns to the process 200 (FIG. 2) at block 
428. If, however, the glucose has not decreased by a percent 
that exceeds the threshold glucose percent drop '% 
Dropri, (for the regular BG range), the time calculation 
process 400 routes the logic to block 412. The process 400 
determines, at block 412, a blood glucose rate of descent 
BG, based on the following equation: 

B G.Droprate (B Gp-BG)/(Torrent-TP evious) 

where BG is the previous blood glucose measurement, 
T, is the current time and T is the previous time. 
Moreover, the process 400 at block 412 determines if the 
blood glucose rate of descent BG is greater than a 
preconfigured drop rate limit BGirl. 

If the time calculation process 400 at block 412 deter 
mines that the blood glucose rate of descent BG, has 
exceeded the preconfigured drop rate limit BG 
the time interval T, until the next blood glucose measure 
ment is shortened at block 414 to a glucose drop rate time 
interval T, which is a relatively shorter time interval 
than the current time interval T, as consideration for 
the fast drop. The preconfigured drop rate limit 
BGirl, may be about 100 mg/dl/hr. The glucose drop 
rate time interval T, may be 30 minutes, or any other 
predetermined time. In some examples, a reasonable value 
for T, is one hour. Then the time calculation process 
400 is complete and returns to the process 200 (FIG. 2) at 
block 428. 

If the time calculation process 400 determines at block 
412 that the glucose drop rate BG, does not exceed 
the preconfigured limit BG, the time calculation 
process 400 determines, at block 408, if the patient’s blood 
glucose concentration BG has been within the desired target 
range BG (e.g., BGsBG<BG) for a period of time 
Ts. The criterion for stability in the blood glucose target 
range BG is a specified time in the target range BG or 
a specified number of consecutive blood glucose measure 
ments in the target range B.G. For example, the stable 
period of time Ts may be one hour, two hours, two and 
a half hours, or up to 4 hours. If the stability criterion is met 
then the time interval T. until the next scheduled blood 
glucose measurement BG may be set at block 410 to a 
lengthened time interval T, (such as 2 hours) that is 
generally greater than the default time interval T, Then 
the time calculation process 400 is complete and returns to 
the process 200 (FIG. 2) at block 428. If the time calculation 
process 400 determines that the patient 10 has not met the 
criteria for stability, the time calculation process 400 sets the 
time interval Tw, to a default time interval To at block 
406. Then the time calculation process 400 is complete and 
returns to the process 200 (FIG. 2) at block 428. 

(10) 

Pop Rate 

PopRates 
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Referring to FIGS. 4B and 4C, once the time calculation 
process 400 calculates the recommended time interval T. 
the process 200 provides a countdown timer 430 that alerts 
the user 40 when the next blood glucose measurement is 
due. The countdown timer 430 may be on the display 116 of 
the patient device 110 or displayed on the display 146 of the 
hospital system 140. When the timer 430 is complete, a “BG 
Duel message might be displayed as shown in FIG. 4B. The 
countdown timer 430 may include an overdue time 432 
indicating the time late if a blood glucose value is not 
entered as scheduled. 

In some implementations, the countdown timer 430 con 
nects to the alarm system 120 of the user device 110. The 
alarm system 120 may produce an audible Sound via the 
speaker 122 in the form of a beep or some like audio 
Sounding mechanism. The audible and/or visual notification 
may also be sent via the network to the hospital system 140 
(or any other remote station) and displayed on the display 
146 of the hospital system 140 or played through speakers 
152 of the hospital system 140, or routed to the cell phone 
or pager of the user. In some examples, the audible alarm 
using the speakers 122 is turned off by a user selection 434 
on the display 116 or it is silenced for a preconfigured time. 
The display 116, 143 may show information 230 that 
includes the patients intravenous treatment information 
230a or to the patients subcutaneous treatment information 
230b. In some examples, the user 40 selects the countdown 
timer 430 when the timer 430 indicates that the patient 10 is 
due for his or her blood glucose measurement. When the 
user 40 selects the timer 430, the display 116, 146 allows the 
user 40 to enter the current blood glucose value BG as 
shown in FIG. 4D. For intravenous patients 10, the process 
200 may ask the user 40 (via the display 116, 146) if the 
blood glucose is pre-meal blood glucose measurement (as 
shown in FIG. 4D). When the user 40 enters the information 
230 (FIG. 4D), the user 40 selects a continue button to 
confirm the entered information 230, which leads to the 
display 116, 146 displaying blood glucose information 230c 
and a timer 430 showing when the next blood glucose 
measurement BG is due (FIG. 4E). In addition, the user 40 
may enter the patient’s blood glucose measurement BG at 
any time before the timer 430 expires, if the user 40 selects 
the enter BG button 436. Therefore, the user 40 may input 
blood glucose values BG at any time, or the user 40 may 
choose to start the Meal Bolus module process 500 (see FIG. 
5) by selecting the start meal button 438 (FIG. 4E), transition 
the patient to SubQ insulin therapy 600 (see FIG. 6), or 
discontinue treatment 220. 

Referring to FIGS. 5A-5F, in some implementations, the 
process 200 includes a process where the patient’s blood 
glucose level BG is measured prior to the consumption of 
caloric intake and calculates the recommended intravenous 
mealtime insulin requirement necessary to control the 
patient’s expected rise in blood glucose levels during the 
prandial period. When a user 40 chooses to start the Meal 
Bolus process 500 (e.g., when the user 40 positively answers 
that this is a pre-meal blood glucose measurement in FIG. 
4D, or when the user 40 selects the start meal button 438 in 
FIG.4E), the Meal Bolus process 500, at decision block 504, 
requests the blood glucose BG of the patient 10 (as shown 
in FIG.5C). The user 40 enters the blood glucose value BG 
at 501 or the system 100 receives the blood glucose BG from 
a glucometer 124. This blood glucose measurement is 
referred to herein as the Pre-Meal BG or BG1. In some 
examples, where the user 40 enters the information, the user 
40 selects a continue button to confirm the entered infor 
mation 230c. In some examples, the intravenous meal bolus 
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process 500 is administered to a patient 10 over a total 
period of time Tats. The total period of time Tets 
is divided into multiple time intervals Tits to 
Tax, where N is any integer greater than Zero. In 
Some examples, a first time interval T runs from a 
Pre-Meal blood glucose value BG1 at measured at time T, 
to a second blood glucose value BG2 at measured at time T. 
A second time interval T runs from the second 
blood glucose value BG2 measured at time T to the third 
blood glucose value BG3 measured at time T. A third time 
interval T runs from the third blood glucose value 
BG3 measured at time T to a fourth blood glucose value 
BG4 measured at time T. In some implementations where 
the time intervals Terry are Smaller than To the 
user 40 should closely monitor and control over changes in 
the blood glucose of the patient 10. For example, a total 
period of time Tit equals 2 hours, and may be 
comprised of Tits–30 minutes, Teit, 30 min 
utes, and Tits–1 hour. This example ends on the 
fourth blood glucose measurement. When the Meal Bolus 
process 500 has been activated, an indication 440 is dis 
played on the display 116, 146 informing the user 40 that the 
process 500 is in progress. The Meal Bolus process 500 
prompts the user 40 if the entered blood glucose value BG 
is the first blood glucose value prior to the meal by display 
ing a question on the patient display 116. If the Meal Bolus 
process 500 determines that the entered blood glucose value 
BG is the first blood glucose value (BG1) prior to the meal, 
then the Meal Bolus process 500 freezes the current multi 
plier M from being adjusted and calculates a regular intra 
venous insulin rate IRR at block 512. The regular intrave 
nous insulin rate IRR may be determined using EQ. 3A. 
Meanwhile, at block 502, the Meal Bolus process 500 loads 
preconfigured meal parameters, such as meal times, insulin 
type, default number of carbohydrates per meal, the total 
period of time of the meal bolus process Tit, interval 
lengths (e.g., TMeatBolus 1: TMealBolusi - - - TMeat BolusN). and 
the percent, “C”, of the estimated meal bolus to be delivered 
in the first interval T. In some examples, when the 
system 100 includes a hospital electronic medical record 
system 140, nutritional information and number of grams of 
carbohydrates are retrieved from the hospital electronic 
medical record systems 140 automatically. The Meal Bolus 
process 500 allows the user 40 to select whether to input a 
number of carbohydrates from a selection of standard meals 
(AcutalCarbs) or to use a custom input to input an estimated 
number of carbohydrates (EstimatedCarbs) that the patient 
10 is likely to consume. The Meal Bolus process 500 then 
flows to block 506, where the estimated meal bolus rate for 
the meal is calculated. The calculation process in block 506 
is explained in two steps. The first step is calculation of a 
meal bolus (in units of insulin) in accordance with the 
following equation: 

Estimated Meal Bolus=EstimatedCarbs, CIR (11A) 

where CIR is the Carbohydrate-to-Insulin Ratio, previously 
discussed. 
The Meal Bolus process 500 then determines the Esti 

mated Meal Bolus Rate based on the following equation: 

Estimated Meal Bolus Rate=Estimated Meal 
Bolus'C/TMealBahs (11B) 

Where, T is the time duration of the first time 
interval of the Meal Bolus total period of time T.C 
is a constant adjusted to infuse the optimum portion of the 
Estimated Meal Bolus during first time interval T. 
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For instance: if Estimated Meal Bolus=6 units, 
T=0.5 hours, and C-25%, then applying Eq. 11 A 
as an example: 

Estimated Meal Bolus Rate=(6 units)*25%/(0.5 
hours)=3 units/hour (11C) 

The Meal Bolus process 500 calculates the Total Insulin 
Rate at block 508 as follows: 

Total Insulin Infusion Rate=Estimated Meal Bolus 
Rate--Regular Intravenous Rate (12) 

The Meal Bolus process 500 flows to block 510 where it 
sets the time interval for the first interval T to its 
configured value, (e.g., usually 30 minutes), which will end 
at the second meal bolus blood glucose (BG2). 

After the first time interval T expires (e.g., after 
30 minutes elapse), the Meal Bolus process 500 prompts the 
user 40 to enter the blood glucose value BG once again at 
block 501. When the Meal Bolus process 500 determines 
that the entered blood glucose value BG is not the first blood 
glucose value BG1 entered at block 504 (i.e., the pre-meal 
BG, BG1, as previously discussed), the process 500 flows to 
block 514. At block 514, the Meal Bolus process 500 
determines if the blood glucose value BG is the second value 
BG2 entered by the user 40. If the user 40 confirms that the 
entered blood glucose value BG is the second blood glucose 
value BG2 entered, the Meal Bolus process 500 uses the 
just-entered blood glucose BG2 to calculate the intravenous 
insulin rate IRR at block 516 and flows to block 524. 
Simultaneously, if the blood glucose is the second blood 
glucose BG2, the Meal Bolus process 500 prompts the user 
40 to enter the actual amount of carbohydrates that the 
patient 10 received at block 518. The Meal Bolus process 
500 then determines at decision block 520 and based on the 
inputted amount of actual carbohydrates, if the patient did 
not eat, i.e., if the amount of carbohydrates is zero (see FIG. 
5C). If the Meal Bolus process 500 determines that the 
patient did not eat, the Meal Bolus process 500 then flows 
to block 540, where the meal bolus module process 500 is 
discontinued, the multiplier is no longer frozen, and the time 
interval T is restored to the appropriate time interval 
T, as determined by process 400. If however, the Meal 
Bolus process 500 determines that the patient 10 ate, i.e., the 
actual carbohydrates is not zero (see FIG. 5D), then The 
Meal Bolus process 500 flows to block 522, where it 
calculates a Revised meal bolus rate according to the fol 
lowing equations, where the Revised Meal Bolus and then 
an amount of insulin (in units of insulin) are calculated: 

Revised Meal Bolus=ActualCarbs, CIR (13A) 

The process at block 522 then determines the amount (in 
units of insulin) of estimated meal bolus that has been 
delivered to the patient 10 so far: 

Estimated Meal Bolus Delivered=Estimated Meal 
Bolus Rate*(T-T) (13B) 

where time T1 is the time of when the first blood glucose 
value BG1 is measured and time T2 is the time when the 
second blood glucose value BG2 is measured. 
The process at block 522 then calculates the portion of the 

Revised Meal Bolus remaining to be delivered (i.e., the Meal 
Bolus that has not yet been delivered to the patient 10) as 
follows: 

Revised Meal Bolus Remaining=Revised Meal 
Bolus-Estimated Meal Bolus Delivered (13C) 
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The process at block 522 then calculates the Revised Meal 

Bolus Rate as follows: 

Revised Meal Bolus Rate=Revised Meal Bolus 
Remaining Time Remaining (14A) 

where Time Remaining Ten-Tees. Since the 
total time interval Tit, and the first time interval 
Tits are preconfigured values, the Time Remaining 
may be determined. 
The Meal Bolus process 500 calculates the total insulin 

rate at block 524 by adding the Revised Meal Bolus Rate to 
the regular Intravenous Rate (IIR), based on the blood 
glucose value BG: 

Total Insulin Rate=Revised Meal Bolus Rate--IIR (14B) 

The Meal Bolus process 500 flows to block 526 where it 
sets the time interval TA, to the second interval T2, 
which will end at the third meal bolus blood glucose BG3 
e.g., usually 30 minutes. 

After the Second interval, Tit expires (e.g., 30 
minutes), the Meal Bolus process 500 prompts the user 40 
to enter the blood glucose value BG once again at block 501. 
The Meal Bolus process 500 determines that the entered 
blood glucose value BG is not the first blood glucose value 
entered at block 504 (previously discussed) and flows to 
block 514. The Meal Bolus process 500 determines that the 
entered blood glucose value BG is not the second blood 
glucose value entered at block 514 (previously discussed) 
and flows to block 528. At block 528, the Meal Bolus 
process 500 determines if the blood glucose value BG is the 
third value entered. If the entered blood glucose value BG is 
the third blood glucose value BG entered, the Meal Bolus 
process 500 calculates the intravenous insulin rate IRR at 
block 530 and flows to block 532. 
At block 532 the process determines the Total Insulin Rate 

by adding the newly-determined Regular Intravenous Insu 
lin Rate (IIR) to the Revised Meal Bolus Rate, which was 
determined at BG2 and remains effective throughout the 
whole meal bolus time, T. 
The Meal Bolus process 500 flows to block 534 where it 

sets the time interval Tw, to the third interval Tits for 
the fourth meal bolus blood glucose, e.g., usually 60 min 
utes. In some implementations, more than 3 intervals 
(TMeatbolusi TMeatBolus2 TMeat Boluss) may be used. Addi 
tional intervals Ty may also be used and the process 
handles the additional intervals Ty similarly to how 
it handles the third time interval T. As discussed in 
the current example, the third interval Ts is the last 
time interval, which ends with the measurement of the fourth 
blood glucose measurement BG4. 

After the third time interval, Tits, expires (e.g., 60 
minutes), the Meal Bolus process 500 prompts the user 40 
to enter the blood glucose value BG once again at block 501. 
The Meal Bolus process 500 determines that the entered 
blood glucose value BG is not the first blood glucose value 
entered at block 504 (previously discussed) and flows to 
block 514. The Meal Bolus process 500 determines that the 
entered blood glucose value BG is not the second blood 
glucose value entered at block 514 (previously discussed), 
nor the third blood glucose level entered at block 528 and 
flows to block 536. At block 536, the Meal Bolus process 
500 determines that the inputted blood glucose is the fourth 
blood glucose value BG4. In this example, the fourth blood 
glucose value BG4 is the last one. The process 500 then 
flows to block 538 where the multiplier is no longer frozen, 
and the time interval T is restored to the appropriate time 
interval T, as determined by the Timer Adjustment 
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process 400 (FIG. 4A). At this time, the Meal Bolus process 
500 ends and the user 40 is prompted with a message 
indicating that the Meal Bolus process 500 is no longer 
active. 

As shown in FIG. 5D, and previously discussed with 
respect to FIGS. 4B-4E, the process 200 provides a count 
down timer 430 that alerts the user 40 when the next blood 
glucose measurement is due. The countdown timer 430 may 
be on the display 116 of the patient device 110 or displayed 
on the display 146 of the hospital system 140. When the 
timer 430 is complete, a "BG Duel message might be 
displayed as shown in FIG. 4B. Moreover, the timer 430 
may be a countdown timer or a meal timer indicating a 
sequence of mealtime intervals (e.g., breakfast, lunch, din 
ner, bedtime, mid-sleep). 

In some implementations, a Meal Bolus process 500 may 
be implemented by the following process on a processor 
112, 132, 142. Other processes may also be used. 

function PreMealIIR(SPatientID, SCurrentBG, SMultiplier, 
SInsulinConcentration, 

SEstCarbs, S.ActualCarbs, STimeInterval, SInsulin UnitsOfMeasure, 
SMealBolusCount) { 

Sir = array(); 
SCarbInsulinRatio = CIR(SPatientID); 
SNormalInsulin = (SCurrentBG - 60) * SMultiplier; 
if(SMealBolusCount == 0) 
{ 

f first run - Premeal Bolus 
SMealBolus = (SEstCarbs (SCarbInsulinRatio); 
if(SMealBolus <0) 
{SMealBolus = 0;} 
Sir O = SNormal Insulin + (SMealBolus *.5 ); 
Sir2 = (SMealBolus *.5 ); 
f: 
print “Premeal: MX: . SMultiplier. “KBR>'': 
print (SCurrentBG - 60) * SMultiplier: 
print “ + : 
print (SMealBolus *.5 ); 
* 
else if(SMealBolusCount == 1){ 
f second run Post Meal Bolus 
if third run time interval coming in is actually the 
if difference between the premeal BG and the first Post Meal BG 

(second run) 
SMealBolus = (SActualCarbs SCarbInsulinRatio); 
SOld MealBolus = (SEstCarbs SCarbinsulinRatio); 
SCurrentMealBolus = (SMealBolus - (SOld MealBolus *.5 * 

STimeInterval)), 1.5; 
if(SCurrentMealBolus <0) 
{SCurrentMealBolus =0; 
Sir O = SNormal Insulin + SCurrentMealBolus; 
Sir2 = SCurrentMealBolus ; 
f: 
print “PlateCheck: <BR>MX: . SMultiplier. “KBR>'': 
print “Est Carbs: " . SEstCarbs. “KBR>'': 
print “ActualCarbs: " . SActualCarbs. “KBR>'': 
print “CarbinsulinRatio: '. SCarbInsulinRatio. “KBR': 
print “TimeInterval: '. STimeInterval. “KBR>'': 
print “Multiplier: . SMultiplier: 
* 

else 

SMealBolus = (SActualCarbs SCarbInsulinRatio); 
SOld MealBolus = (SEstCarbs SCarbinsulinRatio); 
f: 

print “Actual Carbs: " . SActualCarbs. “KBR>'': 
print “Est Carbs: " . SEstCarbs. “KBR>'': 
print “CIR: ''. SCarbInsulinRatio. “KBR>'': 
print “Multiplier: . SMultiplier. “KBR>'': 
print “CurrentBG: " . SCurrentBG. “KBR>'': 
print “IIR: . ((SCurrentBG - 60) * SMultiplier). “KBR->'': 
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-continued 

print “MealBolus: " . SMealBolus. “KBR>'': 
print “Old MealBolus: "... SOld MealBolus. “KBR>'': 
print “TimeInterval: '. STimeInterval. “KBR>'': 

* 
SCurrentMealBolus = (SMealBolus - (SOld MealBolus *.5 * 

STimeInterval)), 1.5; 
if(SCurrentMealBolus <0) 
{SCurrentMealBolus =0; 
Sir O = SNormalInsulin + SCurrentMealBolus; 
Sir2 = SCurrentMealBolus; 
f: 
print “Post PlateCheck: <BR>MX: . SMultiplier. “KBR>'': 
print “IIR: '': 
print (SCurrentBG - 60) * SMultiplier. “KBR>'': 
print “Est Carbs: " . SEstCarbs. “KBR>: 
print “Acutal Carbs: " . SActualCarbs. “KBR>'': 
print “Old Meal bolus: "... SOld MealBolus. “KBR>'': 
print “TimeInterval: '. STimeInterval. “KBR>'': 
print “Meal bolus: " . SMealBolus. “KBR>'': 
print “Final Calc: " . Sir Ol: 
* 

if (SInsulinUnitsOfMeasure = “units/hr) 
{ 

Sir O = Sir OSInsulinConcentration; 

return Siir; 

Referring to FIGS. 2A and 6A, if the user elects to initiate 
the SubQ Transition process 600, the SubQ Transition 
process 600 determines at decision block 604 if the current 
blood glucose BG is within a preconfigured stability target 
range BGs, e.g., 70-180 mg/dl., which is usually wider 
than the prescribed Target Range, BG. If the blood glucose 
BG is not within the preconfigured Stability target range 
BGs (e.g., BG, <BG<BG), the SubOTransition pro 
cess 600 at block 606 displays a warning notification on the 
patient display 116. Then, at lock 610, the SubQ Transition 
process 600 is automatically discontinued. 

Referring back to block 604, if the blood glucose BG is 
within the preconfigured stability target range BGs (e.g. 
70-180 mg/dl), the SubQ Transition process 600 at decision 
block 608 determines if the patient’s blood glucose mea 
surement BG has been in the patient’s personalized pre 
scribed target range BG for the recommended Stability 
period Ts, e.g., 4 hours. If the SubO Transition process 
600 determines that the blood glucose value BG has not been 
in the prescribed target range BGs for the recommended 
stability period Ts, the SubQ Transition process 600 
moves to block 614 where the system 100 presents the user 
40 with a warning notification on the patient display 116, 
explaining that the patient 10 has not been in the prescribed 
target range for the recommended stability period (see FIG. 
6C). The SubQ Transition process 600 continues to decision 
block 618 where it determines whether the user 40 wants the 
patient 10 to continue the SubQ Transition process or to 
discontinue the SubQ Transition process. The SubQ Tran 
sition process 600 displays on the display 116 of the patient 
device 110 the question to the user 40 as shown in FIG. 6D. 
If the user 40 chooses to discontinue the SubQ Transition 
process, the SubQ Transition process 600 flows to block 
624, where the SubO Transition process is discontinued. 

Referring back to block 618, if the user 40 chooses to 
override the warning and continue the SubQ Transition 
process, the process 600 prompts the user 40 to enter SubQ 
information 617. The SubQ Transition process 600 flows to 
block 616, where the patient’s SubQ Transition dose is 
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calculated as a patients total daily dose TDD. In some 
implementations, TDD is calculated in accordance with 
equation: 

TDD=QuickTransitionConstant*M. (15A) 

where QuickTransitionConstant is usually 1000, and Mr. 
is the patient's multiplier at the time of initiation of the SubQ 
transition process. 

Referring again to block 616, in some implementations 
TDD is calculated by a statistical correlation of TDD as a 
function of body weight. The following equation is the 
correlation used: 

TDD=0.5* Weight (kg) (15B) 

The SubQ Transition process 600 continues to block 620, 
where the recommended SubQ dose is presented to the user 
40 (on the display 116) in the form of a Basal recommen 
dation and a Meal Bolus recommendation (see FIG. 6F). 

Referring again to decision block 608, if the SubQ Tran 
sition process 600 determines that the patient 10 has been in 
the prescribed target range BG for the recommended 
stability period, Tsi, SubO Transition process 600 con 
tinues to block 612, where the patients total daily dose TDD 
is calculated in accordance with the following equation: 

where M is the patient’s multiplier at the time of 
initiation of the SubQ transition process. 

In some implementations, the patients total daily dose 
TDD may be determined by the following process on a 
processor 112, 132, 142. Other processes may also be used. 

function getIV TDD(SPatientID) 
{ 

//weight getOneField(“weight”, “patients”, “patientID, 
SPatientID); 

//return Sweight/2: 
SCI get instance(); 
SCI->load->model (options): 
Sd=SCI->options->GetIVTDDData(SPatientID); 
STargetHigh-Sd"TargetHigh'; 
STargetLow-Sd"TargetLow': 
SMultiplier Sd"Multiplier: 
SMidPoint=(STargetHigh--STargetLow)/2: 
SFormula=(SMidPoint-60)*SMultiplier824; 
return SFormula: 

} 
When the patients total daily dose TDD is calculated, the 

SubQ Transition process 600 continues to block 620 where 
the recommended SubQ dose is presented to the user 40 as 
described above. The SubQ Transition process 600 contin 
ues to block 622, where the SubQ Transition process 600 
provides information to the user 40 including a recom 
mended dose of Basal insulin. The user 40 confirms that the 
Basal insulin has been given to the patient 10; this starts a 
transitions timer using the TransitionRunTime, usually 4 
hours. At this point, normal calculation rules governing the 
IIR are still in effect, including the intravenous IIR timer 
(Timer Adjustment process 400), which continues to prompt 
for blood glucose tests at time intervals T, as described 
previously. The SubQ Transition process 600 passes to 
decision block 626, which determines whether the recom 
mended time interval TransitionRunTime has elapsed, e.g., 
4 hours, after which time SubO Transition process 600 
continues to block 630, providing the user with subcutane 
ous insulin discharge orders and exiting the IV Insulin 
process in block 634. 
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FIG. 7 provides an arrangement of operations for a 

method 700 of administering intravenous insulin to a patient 
10. The method 700 includes receiving 702 blood glucose 
measurements BG on a computing device (e.g., a processor 
112 of a patient device 110, a processor 152 of a hospital 
electronic medical record system 150, or a data processor 
132 of a service provider 130) of a dosing controller 160 
from a blood glucose measurement device 124 (e.g., glucose 
meter or glucometer). The blood glucose measurements BG 
are separated by a time interval T. The method 700 
includes determining 704, using the computing device 112, 
132, 152, an insulin dose rate IIR based on the blood glucose 
measurements BG. In some implementations, the method 
700 determines the insulin dose rate IRR based on a current 
blood glucose measurement BG, a constant K, and a mul 
tiplier M (see EQ. 3A above). The constant K may equal 60 
mg/dl. The method 700 includes leaving the multiplier M 
unchanged between time intervals T, when the current 
blood glucose measurement BG is greater than an upper 
limit BG of the blood glucose target range BG and the 
blood glucose percent drop BG, , from the previous 
blood glucose value BG is greater than or equal to a desired 
percent drop BG 9% drop M. (see EQ. 5). The method 700 
also includes multiplying the multiplier M by a change 
factor M, when the current blood glucose measurement 
BG is greater than an upper limit BG of the blood 
glucose target range BG and the blood glucose percent 
drop BG, , (or blood glucose percent drop) is less than 
the desired percent drop BG 96 drop M. Additionally or 
alternatively, the method 700 includes leaving the multiplier 
Munchanged between time intervals T, when the current 
blood glucose measurement BG is in the target range BG 
i.e. when BG is less than an upper limit BG of the blood 
glucose target range and greater than the lower limit BG 
of the target range, BG. The method 700 also includes 
dividing the multiplier M by a change factor M, when the 
current blood glucose measurement BG is less than the 
lower limit BG of the blood glucose target range B.G. 
The method 700 may include setting the time interval T, 
to a hypoglycemia time interval T of between about 15 
minutes and about 30 minutes, when the current blood 
glucose measurement BG is below a hypo-threshold blood 
glucose level BG. 
The method 700 includes determining 706 a blood glu 

cose drop rate BG, based on the blood glucose 
measurements BG and the time interval T. The method 
700 includes determining 707 a blood glucose percent drop 
BGo., using the computing device 112, 132, 152 from a 
previous blood glucose measurement BG. When the blood 
glucose drop rate BG, is greater than a threshold drop 
rate BG, the method 700 includes decreasing at 
708 the time interval T between blood glucose measure 
ments measure by the glucometer. 
The method 700 also includes decreasing 710 the time 

interval T between blood glucose measurements BG 
when the percent drop BG, , of the blood glucose BG is 
greater than the threshold of the percent drop% Drop, 
where the threshold of the percent drop % Drop. 
depends on whether the current blood glucose measurement 
BG is below a lower limit BG of a blood glucose target 
range BG. In some implementations, the method 700 
includes decreasing the time interval T, when the current 
blood glucose measurement BG is greater than or equal to 
the lower limit BG of the blood glucose target range 
BG, and the blood glucose percent drop BGoo exceeds 
a threshold percent drop % Drop. In some implemen 
tations, the method 700 includes decreasing the time interval 
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Tv when the current blood glucose measurement BG is 
below the lower limit BG of the blood glucose target 
range BG and above the hypo-threshold blood glucose 
level BG and the blood glucose percent drop BGo, Hypo: Drop 
is greater than or equal to a threshold percent drop '% 
DropLowLimir 

In some examples, the method 700 includes leaving the 
multiplier Munchanged for at least two Subsequent time 
intervals, Tx., when the current blood glucose measure 
ment BG is a pre-meal measurement. In some examples, the 
method 700 includes receiving, on the computing device 
112, 132, 142, a number of carbohydrates for a meal as well 
as a blood glucose measurement, and determining, using the 
computing device 112, 132, 142, an intravenous insulin rate 
IIR based on the blood glucose (this IIR may be calculated 
using EQ. 3A). In addition, the method 700 includes deter 
mining, using the computing device 112, 132, 142, a meal 
bolus insulin rate IIR based on the number of carbohydrates. 
The method 700 then calculates a Total insulin rate as the 
Sum of the meal bolus rate and the regular intravenous rate 
as shown in EQ. 12. The method 700 may further include 
setting the time interval T, to about 30 minutes. If the 
blood glucose measurement BG is a second consecutive 
measurement after (but not including) an initial pre-meal 
blood glucose measurement BG, the method 700 includes 
setting the time interval T, to about 30 minutes. 

In some implementations, the method 700 includes elec 
tronically displaying on a display 116, 146 a warning and 
blocking transition to a Subcutaneous administration of 
insulin when the current blood glucose measurement BG is 
outside a stability target range BGs. In addition, the 
method 700 includes electronically displaying on the display 
116, 146 a warning when the current blood glucose mea 
surement BG is within the patient’s personalized target 
range BG for less than a threshold stability period of time 
Ts. In some examples, the method 700 includes deter 
mining a total daily dose of insulin TDD based on the 
multiplier M when the current blood glucose measurement 
BG is within a stability target range BGs for a threshold 
stability period of time Ts. 

Various implementations of the systems and techniques 
described here can be realized in digital electronic circuitry, 
integrated circuitry, specially designed ASICs (application 
specific integrated circuits), computer hardware, firmware, 
software, and/or combinations thereof. These various imple 
mentations can include implementation in one or more 
computer programs that are executable and/or interpretable 
on a programmable system including at least one program 
mable processor, which may be special or general purpose, 
coupled to receive data and instructions from, and to trans 
mit data and instructions to, a storage system, at least one 
input device, and at least one output device. 

These computer programs (also known as programs, 
Software, Software applications or code) include machine 
instructions for a programmable processor and can be imple 
mented in a high-level procedural and/or object-oriented 
programming language, and/or in assembly/machine lan 
guage. As used herein, the terms “machine-readable 
medium' and “computer-readable medium” refer to any 
computer program product, apparatus and/or device (e.g., 
magnetic discs, optical disks, memory, Programmable Logic 
Devices (PLDs)) used to provide machine instructions and/ 
or data to a programmable processor, including a machine 
readable medium that receives machine instructions as a 
machine-readable signal. The term “machine-readable sig 
nal refers to any signal used to provide machine instruc 
tions and/or data to a programmable processor. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

32 
Implementations of the Subject matter and the functional 

operations described in this specification can be imple 
mented in digital electronic circuitry, or in computer soft 
ware, firmware, or hardware, including the structures dis 
closed in this specification and their structural equivalents, 
or in combinations of one or more of them. Moreover, 
Subject matter described in this specification can be imple 
mented as one or more computer program products, i.e., one 
or more modules of computer program instructions encoded 
on a computer readable medium for execution by, or to 
control the operation of data processing apparatus. The 
computer readable medium can be a machine-readable stor 
age device, a machine-readable storage Substrate, a memory 
device, a composition of matter affecting a machine-read 
able propagated signal, or a combination of one or more of 
them. The terms “data processing apparatus”, “computing 
device' and "computing processor encompass all appara 
tus, devices, and machines for processing data, including by 
way of example a programmable processor, a computer, or 
multiple processors or computers. The apparatus can 
include, in addition to hardware, code that creates an execu 
tion environment for the computer program in question, e.g., 
code that constitutes processor firmware, a protocol stack, a 
database management system, an operating system, or a 
combination of one or more of them. A propagated signal is 
an artificially generated signal, e.g., a machine-generated 
electrical, optical, or electromagnetic signal that is generated 
to encode information for transmission to Suitable receiver 
apparatus. 
A computer program (also known as an application, 

program, Software, Software application, Script, or code) can 
be written in any form of programming language, including 
compiled or interpreted languages, and it can be deployed in 
any form, including as a stand-alone program or as a 
module, component, Subroutine, or other unit Suitable for 
use in a computing environment. A computer program does 
not necessarily correspond to a file in a file system. A 
program can be stored in a portion of a file that holds other 
programs or data (e.g., one or more scripts stored in a 
markup language document), in a single file dedicated to the 
program in question, or in multiple coordinated files (e.g., 
files that store one or more modules, Sub programs, or 
portions of code). A computer program can be deployed to 
be executed on one computer or on multiple computers that 
are located at one site or distributed across multiple sites and 
interconnected by a communication network. 
The processes and logic flows described in this specifi 

cation can be performed by one or more programmable 
processors executing one or more computer programs to 
perform functions by operating on input data and generating 
output. The processes and logic flows can also be performed 
by, and apparatus can also be implemented as, special 
purpose logic circuitry, e.g., an FPGA (field programmable 
gate array) or an ASIC (application specific integrated 
circuit). 

Processors suitable for the execution of a computer pro 
gram include, by way of example, both general and special 
purpose microprocessors, and any one or more processors of 
any kind of digital computer. Generally, a processor will 
receive instructions and data from a read only memory or a 
random access memory or both. The essential elements of a 
computer are a processor for performing instructions and 
one or more memory devices for storing instructions and 
data. Generally, a computer will also include, or be opera 
tively coupled to receive data from or transfer data to, or 
both, one or more mass storage devices for storing data, e.g., 
magnetic, magneto optical disks, or optical disks. However, 
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a computer need not have such devices. Moreover, a com 
puter can be embedded in another device, e.g., a mobile 
telephone, a personal digital assistant (PDA), a mobile audio 
player, a Global Positioning System (GPS) receiver, to name 
just a few. Computer readable media suitable for storing 
computer program instructions and data include all forms of 
non-volatile memory, media and memory devices, including 
by way of example semiconductor memory devices, e.g., 
EPROM, EEPROM, and flash memory devices; magnetic 
disks, e.g., internal hard disks or removable disks; magneto 
optical disks; and CD ROM and DVD-ROM disks. The 
processor and the memory can be supplemented by, or 
incorporated in, special purpose logic circuitry. 

To provide for interaction with a user, one or more aspects 
of the disclosure can be implemented on a computer having 
a display device, e.g., a CRT (cathode ray tube), LCD (liquid 
crystal display) monitor, or touch screen for displaying 
information to the user and optionally a keyboard and a 
pointing device, e.g., a mouse or a trackball, by which the 
user can provide input to the computer. Other kinds of 
devices can be used to provide interaction with a user as 
well; for example, feedback provided to the user can be any 
form of sensory feedback, e.g., visual feedback, auditory 
feedback, or tactile feedback; and input from the user can be 
received in any form, including acoustic, speech, or tactile 
input. In addition, a computer can interact with a user by 
sending documents to and receiving documents from a 
device that is used by the user; for example, by sending web 
pages to a web browser on a user's client device in response 
to requests received from the web browser. 
One or more aspects of the disclosure can be implemented 

in a computing system that includes a backend component, 
e.g., as a data server, or that includes a middleware com 
ponent, e.g., an application server, or that includes a frontend 
component, e.g., a client computer having a graphical user 
interface or a Web browser through which a user can interact 
with an implementation of the subject matter described in 
this specification, or any combination of one or more Such 
backend, middleware, or frontend components. The compo 
nents of the system can be interconnected by any form or 
medium of digital data communication, e.g., a communica 
tion network. Examples of communication networks include 
a local area network (“LAN) and a wide area network 
(“WAN”), an inter-network (e.g., the Internet), and peer-to 
peer networks (e.g., ad hoc peer-to-peer networks). 
The computing system can include clients and servers. A 

client and server are generally remote from each other and 
typically interact through a communication network. The 
relationship of client and server arises by virtue of computer 
programs running on the respective computers and having a 
client-server relationship to each other. In some implemen 
tations, a server transmits data (e.g., an HTML page) to a 
client device (e.g., for purposes of displaying data to and 
receiving user input from a user interacting with the client 
device). Data generated at the client device (e.g., a result of 
the user interaction) can be received from the client device 
at the server. 

While this specification contains many specifics, these 
should not be construed as limitations on the Scope of the 
disclosure or of what may be claimed, but rather as descrip 
tions of features specific to particular implementations of the 
disclosure. Certain features that are described in this speci 
fication in the context of separate implementations can also 
be implemented in combination in a single implementation. 
Conversely, various features that are described in the context 
of a single implementation can also be implemented in 
multiple implementations separately or in any suitable Sub 
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combination. Moreover, although features may be described 
above as acting in certain combinations and even initially 
claimed as such, one or more features from a claimed 
combination can in some cases be excised from the combi 
nation, and the claimed combination may be directed to a 
Sub-combination or variation of a Sub-combination. 

Similarly, while operations are depicted in the drawings in 
a particular order, this should not be understood as requiring 
that such operations be performed in the particular order 
shown or in sequential order, or that all illustrated operations 
be performed, to achieve desirable results. In certain cir 
cumstances, multi-tasking and parallel processing may be 
advantageous. Moreover, the separation of various system 
components in the embodiments described above should not 
be understood as requiring such separation in all embodi 
ments, and it should be understood that the described 
program components and systems can generally be inte 
grated together in a single Software product or packaged into 
multiple software products. 
A number of implementations have been described. Nev 

ertheless, it will be understood that various modifications 
may be made without departing from the spirit and scope of 
the disclosure. Accordingly, other implementations are 
within the scope of the following claims. For example, the 
actions recited in the claims can be performed in a different 
order and still achieve desirable results. 
What is claimed is: 
1. A system comprising: 
a glucometer measuring blood glucose measurements 

separated by a time interval; 
an insulin administration device; and 
a dosing controller in communication with the glucometer 

and the insulin administration device, the dosing con 
troller including data processing hardware and non 
transitory memory in communication with the data 
processing hardware, the non-transitory memory stor 
ing instructions that when executed by the data pro 
cessing hardware cause the data processing hardware to 
perform operations comprising: 
receiving blood glucose measurements for a patient 

from the glucometer, the blood glucose measure 
ments comprising a current blood glucose measure 
ment measured at a current time and a previous 
blood glucose measurement measured at a previous 
time earlier than the current time, wherein an elapsed 
time between the current time and the previous time 
defines a current time interval; 

determining an intravenous insulin infusion rate based 
on the current blood glucose measurement and the 
previous blood glucose measurement; 

determining a blood glucose percentage drop based on 
the current blood glucose measurement and the pre 
vious blood glucose measurement; 

determining a blood glucose drop rate based on the 
current blood glucose measurement, the previous 
blood glucose measurement, and the current time 
interval; 

determining a next time interval from the current time 
until a next time of a next scheduled blood glucose 
measurement for the patient based on the current 
blood glucose measurement, the next time interval 
comprising a shorter duration of time than the cur 
rent time interval when: 
the blood glucose percentage drop is greater than a 

threshold percentage drop; or 
the blood glucose drop rate is greater than a thresh 

old drop rate; and 



US 9,604,002 B2 
35 

sending the intravenous insulin infusion rate from the 
data processing hardware to the insulin administra 
tion device in communication with the data process 
ing hardware, and when the insulin administration 
device receives the intravenous insulin infusion rate, 
the insulin administration device configured to 
administer insulin to the patient intravenously using 
the intravenous insulin infusion rate. 

2. The system of claim 1, wherein the operations further 
comprise: 

obtaining patient information from the non-transitory 
memory, the patient information comprising: 
a target blood glucose range for the patient comprising 

a range of blood glucose values between and includ 
ing a lower limit blood glucose value and an upper 
limit blood glucose value greater than the lower limit 
blood glucose value; 

a threshold hypoglycemia blood glucose value for the 
patient, the threshold hypoglycemia blood glucose 
value less than the lower limit blood glucose value of 
the target blood glucose range; 

a low blood glucose percentage drop limit for the 
patient when the current blood glucose measurement 
is less than the lower limit blood glucose value of the 
target blood glucose range; 

a regular blood glucose percentage drop limit for the 
patient when the current blood glucose measurement 
is greater than or equal to the lower limit blood 
glucose value of the target blood glucose range; 

a blood glucose drop rate limit for the patient; and 
a stable time period comprising a recommended dura 

tion of time required for the current blood glucose 
measurement within the target blood glucose range 
to determine a blood glucose concentration for the 
patient is stable in the target blood glucose range, 

wherein determining the next time interval comprises 
setting the next time interval to a default time interval 
O. O. 

a preconfigured hypoglycemia time interval when the 
current blood glucose measurement is less than the 
threshold hypoglycemia blood glucose value; 

a preconfigured short time interval when: 
the current blood glucose measurement is greater 

than the threshold hypoglycemia blood glucose 
value and less than the lower limit blood glucose 
value of the target blood glucose range and the 
blood glucose percentage drop is greater than the 
low blood glucose percentage drop limit; or 

the current blood glucose measurement is greater 
than or equal to the lower limit blood glucose 
value of the target blood glucose range and the 
blood glucose percentage drop is greater than the 
regular blood glucose percentage drop limit; 

a preconfigured blood glucose drop rate time interval 
when the blood glucose drop rate is greater than the 
blood glucose drop rate limit; 

a preconfigured long time interval when the current 
blood glucose measurement has been within the 
blood glucose target range for a duration of time 
greater than the stable time period; or 

a preconfigured meal bolus time interval when a meal 
bolus program is in operation, and 

wherein the hypoglycemia time interval is less than the 
short time interval, the short time interval is less than 
the blood glucose drop rate time interval, the blood 
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glucose drop rate time interval is less than the long time 
interval, and the meal bolus time interval is less than 
the long time interval. 

3. The system of claim 2, wherein determining the intra 
venous insulin infusion rate comprises calculating: 

wherein IIR is the intravenous insulin infusion rate, BG is 
the current blood glucose measurement, K is a constant, 
and M is a multiplier, 

wherein determining the blood glucose percentage drop 
comprises calculating: 

(BGPrevious - BG) Percentage drop = ( 
BGPrevious 

wherein BG is the previous blood glucose mea 
Surement and BG is the current blood glucose mea 
Surement, and 

wherein determining the blood glucose drop rate com 
prises calculating: 
BG Doprate(BGPrevious-BG)/(Tcurrent-TPrevious) 

wherein BG, is the blood glucose drop rate, BG is 
the current blood glucose measurement, BG is 
the previous blood glucose measurement, T is the 
current time and T is the previous time. 

4. The system of claim 3, wherein the operations further 
comprise: 

leaving the multiplier unchanged between time intervals 
when the current blood glucose measurement is greater 
than the upper limit blood glucose value of the target 
blood glucose range and a ratio of the current blood 
glucose measurement divided by the previous blood 
glucose measurement is less than or equal to a thresh 
old ratio; and 

multiplying the multiplier by a change factor when the 
current blood glucose measurement is greater than the 
upper limit blood glucose value of the target blood 
glucose range and the ratio of the current blood glucose 
measurement divided by the previous blood glucose 
measurement is greater than the threshold ratio. 

5. The system of claim 4, wherein the constant K equals 
60 mg/dl and the threshold ratio is 0.85. 

6. The system of claim 4, wherein the operations further 
comprise dividing the multiplier by the change factor when 
the current blood glucose measurement is less than the lower 
limit blood glucose value of the target blood glucose range. 

7. The system of claim 3, wherein, in response to receiv 
ing an indication of patient Solid food consumption, the 
operations further comprise increasing the intravenous insu 
lin infusion rate and maintaining the multiplier unchanged 
for at least two time intervals. 

8. The system of claim 7, wherein the operations further 
comprise: 

receiving a number of estimated grams of carbohydrates 
for a meal; 

determining an estimated meal bolus in units of insulin 
based on the number of estimated grams of carbohy 
drates and a carbohydrate-insulin-ratio: 

determining an estimated meal bolus insulin rate, based 
on the estimated meal bolus, an available delivery time, 
and a configurable constant; 

determining a total insulin rate as a sum of the intravenous 
insulin rate and the estimated meal bolus insulin rate; 
and 
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sending the total insulin rate from the data processing 
hardware to the insulin administration device. 

9. The system of claim 8, wherein the operations further 
comprise: 

dividing a total meal time into meal time Sub-intervals, a 
first meal time Sub-interval starting with a pre-meal 
blood glucose measurement before receiving the indi 
cation of patient Solid food consumption; and 

determining the total insulin rate for each meal time 
Sub-interval in Succession. 

10. The system of claim 9, wherein the operations further 
comprise: 

receiving a number of actual grams of carbohydrates for 
the meal during a Subsequent meal time Sub-interval 
after the first meal time sub-interval; 

determining an actual meal bolus based on the number of 
actual grams of carbohydrates; 

determining an estimated delivered meal bolus by multi 
plying the estimated meal bolus rate by an elapsed 
delivery time; 

determining a remaining meal bolus in units of insulin by 
subtracting a product of the estimated delivered meal 
bolus insulin rate and an actual delivery time from the 
actual meal bolus; 

determining a revised meal bolus insulin rate as the 
remaining meal bolus divided by a time remaining in 
the total meal time; 

determining a revised total insulin rate as a sum of the 
intravenous insulin rate and the revised meal bolus 
insulin rate; and 

sending the revised total insulin rate from the data pro 
cessing hardware to the insulin administration device. 

11. The system of claim 10, wherein one or more of the 
meal time Sub-intervals comprise a shorter duration of time 
than the default time interval. 

12. The system of claim 11, wherein the operations further 
comprise: 

electronically displaying on a display in communication 
with the data processing hardware a warning and 
blocking transition to a Subcutaneous administration of 
insulin when the current blood glucose measurement is 
outside a stability target range included within the 
obtained patient information, the stability target range 
comprising a wider range of blood glucose values than 
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the range of blood glucose values associated with the 
target blood glucose range; and 

electronically displaying on the display a warning when 
the current blood glucose measurement is within the 
stability target range for less than a threshold stability 
period of time. 

13. The system of claim 3, wherein the operations further 
comprise: 

determining a total daily dose of insulin based on the 
multiplier when the current blood glucose measure 
ment is within a stability target range for a threshold 
stability period of time; 

determining recommended insulin doses comprising a 
daily basal insulin and a daily meal insulin for Subcu 
taneous therapy as an apportioning of the total daily 
dose of insulin, wherein the daily basal insulin is half 
of the total daily dose of insulin and the daily meal 
insulin is half of the total daily dose of insulin; and 

sending the recommended insulin doses from the data 
processing hardware to a Subcutaneous injection device 
or electronically displaying the recommended insulin 
doses on a display in communication with the data 
processing hardware. 

14. The system of claim 13, further comprising determin 
ing the total daily dose of insulin by calculating: 

wherein TDD is the total daily dose of insulin, M is 
a current multiplier at a moment of initiation of a 
process of a transition to Subcutaneous insulin treat 
ment; and 
BG, is determined by calculating: 

BG (BRTRtr+BRTRL)/2 
wherein BR is the upper limit blood glucose value of 

the blood glucose target range and BR is the lower 
limit blood glucose value of the target blood glucose 
range. 

15. The system of claim 13, further comprising determin 
ing the total daily dose of insulin as a function of a patient 
body weight by calculating: 

TDD=0.5*Weight 

wherein TDD is the total daily dose of insulin and Weight is 
a patient body weight in kilograms. 
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